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INTRODUCTION 

SCIENCE has its romantic as well as its practical side. Your 
manipulator of test tubes and retorts is as much an adventurer 
as any Cortez or Drake. He plunges into the unknown, never 
dreaming what the result of an investigation may be. The Crookes 
tube in the hands of Roentgen revealed the existence of X-rays — a 
manifestation that seemed romantically impossible when it was first 
discovered. The invention of a new instrument often means an im- 
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measurable broadening of scientific achievement. The spectroscope 
not only refined chemical methods; it also changed the entire con- 
ception of the stars. The oil-immersion lens now applied to the 
microscope has given bacteriology and medicine a new significance. 
It is the purpose of this volume to exhibit both the romantic and 
the practical aspects of science. The text and the illustrations have 
all been drawn from the Popular Science Monthly. The authors 
have willingly cooperated with the editor to make their interpre- 
tations of the phases of current science not only accurate, but simple 
enough to be understood by the technically untrained and, above all. 
imaginative enough to awaken a latent liking for the work which 
great engineers and inventors have done to make this the most dra- 
matically interesting period in the whole history of the world. 

While the individual writers have done their best to hold the 

readers^ interest, they have not lost sight of the fact that it was their 

task to arouse a healthy interest in science. If there is a practical 

point to a new discovery or a new mechanical principle, they have 

pointed it out. Accordingly, the volume should prove of immense 

^_practical value in the hands of a reader who seeks ideas to be applied 

9^n his own affairs. If it does still more, if it actually influences the 

^i^ourse which a young man may decide to take in life, it will more 

c^than have achieved its purpose. 

o Waldemar Kaempffert, 



THE BOOK OF MODERN MARVELS 

List of Contributors 



k. W. Wood, 

Professor of Experimental Physics. Johns 
Hopkins University. 

Hudson Maxim, 

Member of United States Naval Consult- 
ing Board: inventor of smokeless powder. 

Jii.ius Augustus Purer. 

Lieutenant-Commander Naval Construc- 
tor. U. S. Navy. 

Waldemar Kaempffert, 

Editor of Popular Science Monthly. 

Bradley A. Fiske. 

Rear Admiral, U. S. Navy ; inventor of 
range-finding and other devices and au- 
thority on naval strategies. 

Simon L\Ke. 

Inventor of wheeled and even keel-sub- 
mergence submarines. 

1). OSRORN. 

Authority on eugenics. Ohio State Uni- 
versity. 

h^KF.uERK' Campbell. Sc.I).. 

Late President, Department t»f Astronomy. 
Brooklyn Institute of .\rts and Sciences. 

ft 

C KuRNES.*;. 

Professor of Astronomy. V'assar College. 

JoKL .Stebbins. 

Profeswor of .\stronomy. University of 
Illinois 

Hon. Joseph is Daniels. 
Secretarv of Navy. 

Thoma.'' H. Norton. 

Formerly Bureau of Foreign and Domestic 
Commerce. Department of Commerce. 
Washington. D. C. Authority on Euro- 
fjean industrial conditions. 

HowARr B. Gates, C.E.. 

Engineer. Public Service Commission. 
New York City. 

l^u'is A. BiscH. M.D.. Ph.D.. 

Department "t Educational Psychology. 
Columbia University; Director of the 
Speyer School. 

Edward F. Chandler, 

Electrical Engineer. Inventor of torpedoes 
and mine detecting devices. 



Frank Shu man. 

Inventor of concrete piles, wired glass, 
solar engines, wool-degreasing machines, 
etc. 

R. J. BjIERSTEDT, 

War cctrrespondent. 

John L. Hogan, Jr., 

Charter member of American Institute of 
Radio Engineers. Expert on radio com- 
munication. 

B. F. Miessner, 

Inventor of wireless devices. 

Edward F. Bigelow, 

Naturalist and biologist. 

Cieorge F. Worts, 

Technical journalist. 

.\. M. Jungmann. 

Writer on medical and biological topics. 

Franz Otto Koch, 

German explorer and traveler. 

C. W. Stratford. 

Mechanical engineer and authority on oil 
technology. 

Herbert Francis Sherwood, 

Expert on immigration. Writer on popu- 
*lar engineering topics. 

Eustace L. Adams, 

Formerly Ambulance Service, French 
army. 

Lloyd Darling. 

Electrical engineer and writer on engineer- 
ing topics. 

Carl Dienstbach, 

Authority on aeroplane and dirigible con- 
struction. 

Ernest A. Drnch, 

Motion picture expert. 

Edward C. Crossman. 
Rifle and pistol expert. 

G. Davenport, 

Cold Spring Harbor Sution of (.amegic 
Institute, student of problems and eu- 
genics. 



TEACH YOURSELF 
A REVOLUTION IN EDUCATION 

A REVOLUTION that strikes at the very center of our school system is about 
lo take place. The radical ideas of Dr. Charles W. Eliot, former President 
of Harvard and of Dr. Abraham Flexner will be tried out in Teacher's College 
of Columbia University, with the financial backing of the General Education 
Board. Living languages will take the place of dead languages. Nothing 
will be studied just for mental exercise, but every subject will have to stand 
the test of common sense, every-day use. The mere learning of the rules of 
mathematics and of grammar never made one a mathematician or enabled one 
to speak and write correctly. Scientific methods of treating these subjects will 
be devised that will give practical results. 

The world itself will become the laboratory studied in every school. 
Pupils will know its trees, its plants, its minerals, its animals, its rocks and 
streams. They will early begin experimentation in the physical, chemical and 
l)iological fields. There will be much hand, ear and eye work, such as draw- 
ing, carpentry, turning, music, sewing and cooking. The simple things of 
every-day use will be mastered. 

The study of wonderful modern inventions is to take the place of worn- 
out text books. Students will make and understand a fireless cooker, a camera, 
a telephone, a wireless telegraph, perhaps even an automobile and aeroplane. 
This modern revolutionary scheme of education will so harmonize with real 
life that there will no longer be the problem of getting the unwilling student 
to stay in school till old enough to get his "working papers." School will be 
more interesting than roaming the streets. Conservative, tradition-bound 
educators are fearful of any plan that upsets the routine to which they have 
been accustomed, but forward-looking people believe in giving the revolu- 
tionary program a fair trial. Why shouldn't anything be welcomed that will 
fit our boys and girls for the real struggle of life? 

This book is not a text book, nor has it any direct connection with the 
scheme to reorganize the country's system of education. It is, however, the 
first work published in harmony with the new scheme of giving the people 
the kind of education they need in place of the theories that have come down 
from the past. A real, live, up-to-the-minute book that ought to be in every 
household, with an appeal to every member of the family, young or old. 

John A. Sleicher. 

Editor of La 
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.lir turgine and propellers— imagine all 
this and you have before you the vitals 
•if a tor|>edo — all but its brain. 



the diaphrag^ni would overcome tho 
spring; the rudders would be thrown 
down and the tori)edo would rise until 
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a Torpedo Automatically Back on Its Course 

THIS conventional diagram represents several positions of a torpedo as it would npprar 
at different points along its course. In each of the views G represents the gyroscope, 
the gyroscopic axis being indicated by the long arrow, which points %n the general directton 
of the torpedo's travel. In view 1 the torpedo is parallel with its gyroscopic axis and 
traveling in a straight line. In 2 the torpedo is turning to the left; consequently the rudder 
R has been swung slightly to the right, due to the fact that the center line of the torpedo 
is not coincident with the gyroscopic axis, as shown. 

The rudder having been turned to the right, the torpedo is steered back across its 
course, and in position 3 it has passed the meridian on the other side; consequently the 
rudder is corrected to the left, which again carries the torpedo back across the meridian, 
as shown in position 4. At position 5 the torpedo is virtually back on its gyroscopic line. 

In this country it has been the practice to employ a steering mechanism in which the 
rudder is swung definitely in a hard-over position either to the right or to the left with no 
neutral or center stop. This causes the torpedo to steer a crooked course. Since the 
rudder is provided with very little throw, the weapon deviates but slightly from its im- 
pressed direction. 



The Mechanical Brain of the Torpedo 

A mechanical brain of some kind is 
obviously necessary ; for this death- 
dealing torpedo of ours must be guided 
automatically upon its course and must 
never swerve very far from it. Some 
way must be found to keep it at a set 
depth and to prevent it from swerving 
lo the right or to the left. 

The ocean itself, paradoxically enough, 
fluids the weai)on at a fixed depth. 
Rlvery one knows that the pressure of 
water increases as you near the bottom. 
If it were not so divers could perform 
even more difficult feats than now lie 
within their powers. The water is al- 
lowed to press against a diaphragm on 
one side ; against the diaphragm on 
the other side a spring pushes. It is 
obvious that by adjusting the tension of 
the spring a j^erfect balance can be 
maintained between the sea water on 
one side of the diaphragm and the spring 
on the other. Connect th^ diaphragm 
.vith horizontal rudders aiY^ you have 
an automatic depth regulatinc: gear. If 
the tor|^)edo should dive below the set 
distance, the pressure of the water on 



spring tension and water pressure were 
absolutely counterbalanced. The op|K)- 
site effect occurs when the torpedo is 
traveling too high and the spring tension 
is greater than that of the water pres- 



sure. 



The Wonderful Gyroscope — A Never- 
Failing Compass 

To prevent the torpedo from swerv- 
ing to the right or to the left the gyro- 
sco|)e is employed — the most puzzling, 
the most mysterious device in the wfnjli- 
realm of machines. A gyroscope, gen- 
erally speaking, is any rapidly rotating 
body. A spinning top is a gyroscope. 
So is a rapidly turning flywheel. It is 
one of the properties of a swiftly turn- 
ing wheel that it resists any attempt to 
throw it out of its plane of rotation. 
It is this property of a gyrosco|>e which 
is applied in automatically keeping the 
torpedo oh its course. 

Now the gyroscope of a tori>edo con- 
sists simply of a small, heavy flywheel, 
mounted so that it may freely revolve 
in y frame which is in turn pivorid in 
what is known as a gimbal rinc- In 
other words. t\\e wVf^viX c'^xv vnvcv'^ ^"^^xv:^^ 
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both horizontally and vertically. Before 
the torpedo is launched the frame carry- 
ing the flywheel is locked, so that the 
wheel itself is held in a fore and aft 
position in the torpedo. While it is thus 
locked the wheel is spun at high speed. 
When released it will hold its plane of 
rotation even though the torpedo may be 
swung around horizontally, so long as 
the spinning continues. - By connecting 
rudder with 
the gyroscope, 
the torpedo by 
the very act of 
departing to the 
right or :o the 
left, will swing 
them and thus 
bring itself back 
again to the 
predeter- 
mined course. 
If the torpedo 
curves to the 
right, the rud- 
der moves to 
the left; if the 
torpedo starts 
off to the left, 
the rudder 
shifts over to 
the right. The 
torpedo always 
travels along 
the line passing 
through the 
p I a n e of the 
gyroscope's ro- 
tation, and the 
plane or rota- 
tion always lies 
along the line 
which the torpe- 
do is supposed 
to take — the 
line in which 
the torp)edo is 
pointing at the 
instant the spin- 
ning wheel is 
set free. It is 
wonderful, i n - 
deed, to think 
that a little spin- 
ning wliool keeos 
a torjKjdo on its 



How a Torpedo Is Launched 



How the Gyroscope of a Torpedo Works 

I N the drawing, 1 is a fly wheel, and 2 the frame 
-* carrying the fly wheel, half of which has been 
removed to expose the wheel. This frame is 
pivoted in a horizontal plane in the ring 3, which 
has also been broken away, as shown. RifijS 3, 
which carries the fiy wheel in the frame 2, is 
pivoted at 4 and 5 in the vertical plant in a suit- 
able support or frame. It is evident that the 
gyroscope fly wheel 1 is not only free to revolve 
about its axis, but also to swing around its verti- 
cal and horisontal pivots. 

For the convenience of illustration 6 represents 
an insulated member carried by the ring 3, and 
having a contact surface 7. Resting against the 
contact surface is a brush 8 which is connected 
in circuit 9 xvith an electro-magnet 10 and a bat- 
tery 11. In the picture the current is on and the 
magnet energised: in consequence the armature 
12 is drawn over. The armature carries a balanced 
valve 13, which controls the flow of compressed 
air through the pipe \A to the turbo-motor 15. 
The piston rod 16. of the turbo-motor, also acts 
as the rudder rod for the horizontal-course steer- 
ing-rudder \7. on the post of which is a crank 18 

When the gyroscofe swings around so that the 
insulated portion 6 ts carried under the brush 8. 
contact is broken and the electro-magnet 10 de- 
energised. The spring 19 then instantly pulls the 
armature 12 and consequently the valve 13 to the 
opposite extreme position, thus causing the rudder 
1/ to shift over. The arrow A represents the 
general direction in tphich the torpedo is supposed 
to be traveling, it being understood that the ayro- 
scopic fly wheel 1 is revolving at high speed. 
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A torpedo is discharged from what i.^ 
known as a launchi^ tube by a puff of 
compressed air. At the top of the tor- 
pedo is a little latch, which is tripped as 
the torpedo passes out of the launching 
tube, so as to cause the compressed air 
to operate a little engine which spins 

the torpedo. 
The air is auto- 
matically cut oif 
and the gyro- 
scope released 
when a sufficient 
speed of rota- 
tion has been 
attained. Com- 
pressed air is 
also supplied to 
the propelling 
engine of the 
torpedo at the 
.same time. All 
this must happen 
during the frac- 
tion of the sec- 
ond required for 
launching. 

It is evident 
that a torpedo is 
nothing but a 
little ship, trav- 
e 1 i n g through 
the water at 
railway speed, 
guided by a me- 
chanical helms- 
man, and kept 
on its course 
bv an automatic 
compass — its 
gyroscope. 
Surely it would 
be difficult to 
imagine any- 
thing more me- 
chanicallv intel- 
ligent. Unlike 
most human be- 
ings, a torpedo 
is absolutely 
obedient : it docs 
exactly what it 
is told. 
Perfect as thi^ 




niechantsni seems to be, nevertheless, it 
has its defects. It is not quite modern 
enough. Launch it from a submarine at a 
battleship a half a mile or a mi e distant. 
and it will 
|)erfonn its 
task with 
ghastly per- 
fection. But 
launch it at 
a dread- 
naught 
seven miles 
away — and 
this is the 
range at 
which mod 
em sea bat- 
ties are 
f o u g h t — 
audit is 
doubtful if 
it will ever 
find its 
mark.Why ? 
Firstly, be- 
cause it is 
hard to hit 
a m ov.i n g 
target at 
long range, 
if not actu- 
ally imfx)s- 
sible ; sec- 
ondly, the 
gyroscope 
g r a d u - 
ally "dies" 
down like a 
boy's top 
which has 
spun too 
long. Onrp 
the speed of 
th" spinning 
f 1 V w h e el 
drons below 
a cer t ai n 
critical 
point the 
torpedo no 
loneer keeps 
upon its 
course. Unfortunately this slowing up of 
the g>-roscope occurs just when the torpe- 
lo should be most trustworthy ; just when 



The Ears of the Leon Electrical Torpedo an^ How 

They Hear a Hostile Ship 

npHIS is a schematic diagram of the apparatus inventctk 
^ by Captain Leon to control torpedoes by enabling them 
literally to hear the propellers of a hostile ship. The "ears^' 
or sound responsive devices 20 and 20* (microphones) are 
enclosed in a suitable casing located within the head of the 
torpedo and surrounded by a sound-transmitting medium, 
such as water or gelatine. The sound passes directly 
through the shell of the metal head, which is about one- 
sixteenth of an inch thick. 

The two microphones are connected by an electrical con- 
ductor 21 with an adjustable de^nce 22. The rudder 23 is 
here shown directly controlled by the magnets 24 and 24*. 
which are electrically connected with the adjustable con- 
trolling device 22 to receive energy from a battery 25 when 
the switch 26 is automatically thrown into operation This 
switch 26 forms part of a clock work mechanism which 
throws out the gyroscope control and connects the sound 
control, after the torpedo has traveled within the range 
of the sound vibrations srnt out by the propellers of the 
enemy. It is important that the torpedo should not turn 
upon its own ship in respon.Ke to the beating propellers. 
Hence *he torpedo is made to travel under gyroscopic 
control for a certain distance, before the "ear/' are allowed 
to operate. 

To illustrate the operation of this apparatus, let E repre- 
sent the position of the enemy when the torpedo is origi- 
nally discharged and F the intended line of fire. Had the 
t"wt*ed^ continued as originally intended it would have 
missed its mark, the enemy having proceeded in the mean- 
time to the position E'. As soon as the sound dexnce is 
released for operation by the clock switch 26, vibrations 
are conveyed to the torpedo along the lines X and Y. Ravs 
traveling along the line X strike the microphone 20 snuarely. 
whereas micro f*hone 20* is out of the sone of influence. 
Clearly, the microphones are out of balance: one "ear" is 
hearing more than the other. The magnet 24 is therefore 
eneraised. and the rudder 23 is automatically turned in the 
position shown, thus causing the torpedo to he .tfeered 
around to^vard the enemy. When the torpedo is headed for 
the enemy and consequently both microhhones are equally 
eneraised, the rudder assumes a midship position. 
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it must adhere most surely to its course 
in a word, at the moment of striking. 
Other factors must also be con- 
sidered. 
The speed 
and direc- 
tion of the 
vessel which 
fires the 
t o' r p e d o 
must be 
considered, 
so must the 
distance to 
be covered, 
the time 
allotted 
to reach the 
target, and 
the target's 
speed and 
d 1 rection. 
Fire point 
blank at a 
battle- 
ship only 
three miles 
away and 
the torpedo 
will miss its 
mark ; for 
by the time, 
the 35-knot 
weapon 
'"overs the 
intervening 
distance the 
ship will be 
many yards 
beyond the 
point at 
which the 
torpedo was 
intended to 
inflict 
its destruc- 
tion. Clenr- 
Iv the tor- 
nedo must 
b^ shot 
ahe^d of its 
mark, and 
it must be 
so timed that the two will inevitnbly 
meet. It is so difficult to make all these 
calculations tVv^V VyRjg^-T^swgt \.^t^^^ 



surface o/ the water The periuil »»t 
vibration is about seven hundred and 
lifty a second. To produce a hun) sd 
high in pitch a propeller would have to 
revolve at a speed much greater than 
we dare to give to the flywheels of 
steam engines. 

The Hum of a Pozvcr House is Identical 
With That of a Submarine 

I soon convinced myself that the fine, 
shrill, almost singing note that can be 
heard when the Diesel engines are cut off 
and the submarine is traveling under 
power derived from her storage batteries 
is due entirely to her electric motors. 
The sound is unmistakable. Step into 
any central station where electric power 
is generated to light a city and you will 
l)ear the hum of a submarine. There is 
110 difference to the ear. To devise a 
means of detecting this sound at great 
distances was the object of my experi- 
menting. 

The microphone at once suggested it- 
self a^ a suitable instrument. 

In my first attempts to detect subma- 
rines by their characteristic hum, the mi- 
crophone was sealed within a watertight 
container and the whole placed in the 
water. The apparatus was a failure. It 
could not withstand the pressure of water 
even at five fathoms. The container was 
crushed like putty in a strong hand. 
Since the depth at which the microphone 
was expected to work might reach forty 
fathoms, where the pressure was hun- 
dreds of pounds to the square inch, it 
was obvious that some method of resist- 
ing the water had to be devised. The 
container had a diaphrafi^m on one side, 
against which the sound waves from the 
submarine impinged. Because of the 
water pressure the diaphragm could not 
vibrate freely, and hence the microphone 
was highly inefficient. 

Ears That Heard Too Much 

In order that the diaphragm might 
successfully resist the external pressure 
air was forced into the container until 
its pressure equalled that of the water. 
The new form of apparatus was much 
more successful than that first used. 
Submarines could be heard beneath the 
water at a distance of five miles, and the 
//;>;>jr;itus stood up well, even at grcnt 



depths. But it had the great defect of 
hearing too much. Not only was the 
hum of a submarine picked up with 
astonishing clearness, but other strange 
sounds of the sea as well — the vibration 
of engines in passing steamers, the beat- 
ing of propellers in water. A steamer 
sets the water vibrating with an intensity 
thousands* of times greater than that of 
a humming submarine. In that deluge 
of sound the submarine could not be eas- 
ily detected. It was like trying to hear 
the thin, clear note of a violin under a 
railway trestle while a train was passing 
overhead. A kindred phenomenon is 
observed in radio stations. The wire- 
less operator calls it "static." He elimi- 
nates static by tuning his apparatus to re- 
spond only to the signal that he wishes 
to detect. 

In order to make the microphone effec- 
tive an analogous system of mechanical 
tuning was invented. It was necessary 
to eliminate all sounds but that emanat- 
ing from the submarine to be located. 
You can understand how that is possible 
if you have noted the response of a piano 
to a violin. Draw your bow over any of 
the violin strings and sound a single clear 
note, and you will hear a faint response 
from the corresponding string in the 
piano. Of all the strings in tfie piano 
only that one answered the violin. Why ? 
Because that was the only string in tunc 
with the violin note. 

The Invention of a Sound Sieve 

Clearly, some kind of sound sieve was 
wanted — something that would sift out 
everything but the singing submarine. 

Years ago an instrument maker, named 
Koenig, at the University of Paris, de- 
vised an adjustable resonator. It consist- 
ed merely of two telescoping metal cylin- 
ders. The cylinders were closed at one 
end except for a sound opening. If you 
wanted the cylinders to sing in unison 
with a vibrating tuning fork, you could 
do so by moving the cylinders upon each 
other. A point would be reached at which 
the natural period of vibration of the air 
space within the cylinders was exactlv 
equal to that of the tuning fork, with 
the result that the resonating cylinders 
gave forth the same note as the tuning 
fork. While the cylinders were thus ad- 
justffd they would respond to no other 



38 



mingled with the irregular crasliing of 
the bullets — a high-pitched whine, witli 
an occasional vicious yowl punctuating 
the noise. This came from the ricochet- 
ting bullets, striking the ground short 
of the target and then glancing off and 
pursuing their erratic course through 
the air, their velocity much diminished, 
their travel changed to an end-over-end 
whirl, and the bullets themselves defaced 
and battered hy the im|>ac( with the 
ground. 

Back of the target the bullets passing 
through it went into the waters of the 
lake several hundred yards out, with 
the noise of heavy blows, almost as 
hollow and heavy as the impact of a 
Well-swung carpet beater on a huge, 
loose carpet. Almost the same sound 
comes when a bullet strikes, flesh, human 
or otherwise. 

Normally the sound of the prt^ess of 
the modem military bullet up to nearly 
a mile, is the high-pitched, car-splitting 
vicious crash. At longer ranges it hums, 
probably from an increasingly unsteady 
flight. Or possibly it hums all the time, 
but the sound is killed by the vicious 
crash that accompanies the bullet while 
it is traveling fast. 

Under some conditions of air and 
background, not yet clear to me, bullets 
hiss. The sound is noticeable at the 
^skirmish, on the six hundred yard range 
at Camp Perry, and at the great matches. 
It is never heard at the range of the 
writer's club, situated in the hills with 
every chance for sound to be echoed 
hack and reproduced, nor has the writer 
heard it on any other range. However, 
this hissing noise is audible only at the 
firing point. Trial out along the flight 
of the bullets developed that either they 
did not hiss to the person so located or 
.else the hiss was covered up by the 
usual crash, which amounts to the same 
thing in the end. 

Never do bullets howl unless they 
have been tipped out of normal flight 
by striking some obstacle. The howl 
is merely the noise of a more or less 
jagKcd missile whirling end-over-end, 
wmfc |hc normal bullet, traveling nor- 
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mall}, blips ihrougli the air like a trout 
through water. 

The soldier, tired on and missed by a 
single sniper without other sound to 
confuse or cover up that pertaining to 
him, hears two distinct sounds, if the 
*:ring takes place within four hundred 
vards or so. Pho- 

m 

neticallv thev are 
"Pack-punk." 
The first is a 
vicious and men- 
acing crash. It is 
the bullet arriving 
with its regards to 
him; the second 
is the report of the 
rifle which follows 
along some dis- 
tance behind the 
bullet. The mod- 
em bullet travels 
faster than does 
sound, which has 
but the speed of 
eleven himdred feet 
per second. The 
person watching 
the jet of steam 
from the whistle of 
the far-ofF locomo- 
tive and noting the 
interval of time 
which elapses 
before the whoop 
of the whistle 
arrives, will ap- 
preciate that sound 
is a leisurely 
traveler. 

The crash comes 
from a vacuum 
formed in the rear 
of the flying bullet 
by its enormously 
quick displacement 
of air. The bad 
shape of the missile 
allows the air to 




Drawings from photographs of bullets in 
flight. Showing older type, metal jacketed, 
small bore military bullet in flight. Note 
bow wave of air driven ahead of the bullet, 
and the eddies of ai^ in the wake like 
water in the wake of a ship. Directly in 
rear of the base of the bullet is the vacu- 
um that causes the sharp crash as the air 
closes suddenly m upon it 




The flight of the modem spitzer bi^llet, 
which is used by Germany, England, 
Prance, the United States and some other 
nations. Note the sharper angle of the bow 
wave, and the ^eater vacuum in the rear of 
the bullet. This is caused bv the fact that 
these lif^hter sharp-point bullets are driven 
at far higher velocity than the older type, 
and the vacuum is more pronounced. Also 
the noise is more marked. A bullet which 
tapered down to the stem as sharply as the 
pomt of the bow would have little vacuum 
and little noise. The photograph from 
which this sketch was prepared was made 
by Professor Boys by means of an electric 
spark produced as the. bullet cut the wire 



flow back again around the stern, like 
water around the stem of the fast mov- 
ing boat. Finally, the air rushes in be- 
hind the bullet and makes the crash just 
as the air rushes in behind the electric 
spark. 

Only at speeds higher than twelve 
hundred or tourteen hundred feet per 



srccr.id is ihis Mjund heard. Sirangi-lv 
enough it is not heard if the bullet has 
started at very high speed and falls to 
this lower one. Possibly what is heard 

m 

in such case is the crash of the bullet at 
some distance farther back where the 
velocity is still high enough to produce a 

crash. 

Military rifles 
drive their bullets 
at speeds of from 
two thousand to 
three thousand feet 
per second. The 
same bullets, load- 
ed to give velocities 
of less than four- 
teen hundred feet 
per second, do not 
make a sound. So, 
black-powder or 
low-power rifles 
like the familiar 
.22, do not pro- 
duce this crash 
from their bullets. 
The difference in 
the arriving time 
of the two sounds, 
bullet crash and 
repprt of the rifle 
which fired it, is 
very noticeable at 
the long rantjes. 
At one thousand 
yards, for instance, 
the bullet of the 
United Str.tes rifle 
arrives .it the mark 
1.86 seconds after 
it leaves the muzzle 
of the rifle. The 
bullet thus covers 
the distance at the 
average speed of 
about sixteen hun- 
dred feet per 
second. Sound, 
traveling at the 



uniform rate of eleven hundred feet per 
second, takes 2.7 seconds to make the 
trip, and the bullet and its accompanying 
crash, thus arrive nearly a second ahead 
of the report of the rifle. So comes 
about the phenomenon of the two 
distinct sounds: first the bullet 
fend then tht t«\jot\. oV-<cv^ fv^t.^ 
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water [>asses down from the top of the 
ladder it flows through the notches in the 
bottoms of the cross-pieces and also 
drops over the top notches in the cross- 
pieces into the next lower sections like 
smaH waterfalls. 

The water in the ladder is continually 
flowing down and out at the bottom, 
forming a running stream up which the 
lish may swim with a choice of passing 
from the first pool to the next and so on 
up by swimming through the bottom 
notches or jumping through the top 
notches from one pool to the next higher 
one. The jump in the latter case is not 
more than eight inches and can be done 
easily by almost any kind of flsh. 

It is noted in the plan view of the 
ladder shown in the accompanying 
drawings that the notches in the bottom 
of the cross partitions are placed at the 
lower end of the partitions to permit any 
sediment to be washed out by the flow of 
water. In the large drawing it is also to 
be noted that the ladder is not placed in 
close proximity to the spillway. The 
reason for this is that fish in tr^'ing to 
ascend a dam seek to pass up the largest 
stream of running water, [lue to the fact 
that the volume of running water issuing 
friiir. The laddvr is usually less than thai 



dropping over the spillway the fish 
would not find the ladder readily if it 
were close to the spillway but would try 
to swim up the spillway and would 
probably dash themselves ' to:' -death 
against the concrete huttresses. 

Borrowing the Night Lamps 
of the Fireflies 

Just what the secret of the firefly's 
light is the scientists have not as yet 
discovered. Three necessary factors 
have been found — water, oxygen and a 
photogenic or light-producing substance : 
but a fourth is probably involved which 
has thus far defied all research. The 
children say it is the fairy lamplighter 
whose wand lights the little lamps that 
adds so much to the beauty of a sum- 
mer's night. Mowever, a method has 
been evolved of extracting and drying 
the light-producing organs of the firefly 
without impairing the power of the 
substance to phosphoresce. 

The dried material may be extracted 
with water-free solvents. It is ground 
up into a powder, and water containing 
(ixygen is added : which gives the golden 
glow without the assistance of eithir 
the firefly's will or the fairv'" w:in<3 



H'/iv Pontoons Could Not Be tm ployed 
in the Early Stages 

The buoyancy of pontoons is ordina- 
rily used to float a wreck when the ves- 
sel itself cannot be given positive buoy- 
ancy. In such cases the lift to be accom- 
plished is usually small — sometimes only 
a few feet, which, by taking advantage 
of the tide, may be sufficient to take 
the ship off the bottom. If a num- 
ber of lifts must be made in order to 
bring the vessel up, the pontoons are 
sunk almost to the deck level at low tide. 
The lifting cables are then hove taut. 
As the tide rises the pontoons are also 
|)umped out. When the vessel is clear 
of the bottom the pontoons, with their 
susjjended load, are towed inshore at 
high tide until the vessel again grounds. 
Sinking the pontoons and taking in the 
slack of the chains is repeated at the 
next low tide. If there is much rise and 
fall of tide, a considerable lift may be 
accomplished at each step. In this man- 
ner the wreck is gradually worked into 
shoal water .or even landed in drydock. 

In the case of the "F-4" the conditions 
for pontoon lifting were not favorable. 
The difference between high and low 
water is only about one and one-half 
feet off Honolulu. As the vessel lay in 
three hundred feet of water, a great 
many lifts would have had to be made. 
For these reasons it was necessary to 
bring the submarine up by mechanical 
means. 

Four specially constructed windlasses 
were installed on two bottom-dumping 
mud scows — ^two on each scow. The 
lifting cables were passed up through the 
mud pockets and secured to the wind- 
lasses. Instead of securing the cables 
to the vessel, the loops of the cables were* 
swept under the submarine and both ends 
taken to the windlasses, thus suspend- 
ing the craft in four slings — two at 
about one-third the lent^th from the bow. 
and two about the same distance from 
the stem. 

Haw the Slings Were Placed Under the 

"FA'' 

Pla0tig..the. slings under the vessel 
was the most .difficult feature of the sal- 
viye work. Four wire cables were used 
nt first. A dretl^c from »vhich the lK>om 
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and bucket gear had been removed was 
used for the central unit of the salvage 
plant. This dredge was anchored at one 
end in the usual manner, as shown in the 
illustration. The other end was moored 
to the submarine by means of the lifting 
cables which were eventually transferred 
to the scows. It was necessary to have a 
fixed craft available for receiving the 
ends of the slings temporarily, because it 
was never certain that; the loop had been 
dragged to the desired position under the 
vessel until an inspection had been made 
by the divers. 

A New Record for Divers 

The divers, while the vessel was in 
three hundred feet of water, set a new 
world's record for depth. Thq Bureau of 
Construction and Repair of the Navy De- 
partment had been experimenting for 
some time on deep-sea diving. It so 
happened that these experiments were 
brought to the point of practical appli- 
cation just before the accident to the 
"F-4." Four divers, in charge of the 
officer who had been conducting the ex- 
periments, were ordered from the New 
York Navy Yard to Honolulu as soon as 
it became apparent that the vessel could 
not be dragged into shallow water. 

The diver does not wear a suit of spe- 
cial character when working in great 
depth as is the popular impression. The 
difference as compared to shallow water 
procedure lies entirely in the method of 
supplying air to the helmet and in the 
scientific restoration of the diver's body 
to the normal state by gradual decom- 
pression as he comes up from deep 
water. Air is supplied from flasks 
charged to a high pressure — suitably re- 
duced before being delivered to the di- 
ver's helmet. The dangers in deep-sea 
diving are due principally to the absorp- 
tion of nitrogen by the fluids of the body, 
on account of the high pressure to which 
the lung tissues are subjected and to the 
extreme exhaustion accompanying any 
kind of manual labor. For the latter rea- 
son the divers could not do heavy work 
at the three hundred foot depth such as 
can easily be done by men working in 
shallow water. 

After innumerable difficulties all four 
slings were swept under the vessel by 
n^e«nns of uigs nnd thr ends Tr;»nsf erred 




now lay in somewhat less than fifty fcoi 
•»f water, it was possible to apply the pon- 
toon method of lifting, but it was still im- 
practicable to follow the orthodox pro- 
cedure of lifting a few feet and towing to 
a new landing, because conditions were 
such that the vessel had to be raised in 
one operation to a draft of not more than 
twenty-five feet. This draft was fixed 
by the depth of water over the blocks 
of the drydock in which the vessel had 
to be landed. 

To meet these requirements six spe- 
cially designed pontoon cylinders were 
sunk alongside of the submarine, as 
shown in the illustration. The plan fur- 
ther called for the use of six chains 
rove under the vessel and passing 
through hawse pipes in the cylinders. 
The arrangement consisted in effect of a 
lifting of the submarine in a cradle made 
up of six chains. 

The combined lifting capacity of the 
six pontoons was four hundred and twen- 
ty tons. A margin of one hundred and 
sixty tons was allowed for breaking the 
vessel away from the bottom and for 
any failure to utilize all of the buoyancy 
available in the pontoons. 

Carrying the Submarine into Port on 

Pontoons 

The chains were first of all worked 
under the submarine in predetermined 
positions, two forward, two amidships 
and two aft. The two chains of a pair 
were spaced sixteen feet apart so as to 
correspond to the distance between the 
hawse pipes. The pontoons were planted 
by means of a wrecking scow which was 
moored accurately over the submarine. 
The two cylinders of a pair were towed 
to the scene of operations and placed 
one on each side of the scow, directly 
over a pair of chains lying on the bot- 
tom as shown in the illustration. 

The ends of the chains were now 
fished up through the hawse pipes and 
the * cylinders submerged by opening the 
flood valves. They were kept under con- 
trol while sinking by means of five-inch 
manila lines made fast to the ends and 
taken to the hoisting eneines on the scow. 
The process consisted, therefore, in 
threading the pontoons onto the chains. 
After the pontoons had landed on the 



bottonj the chains were adjusted so as 
to leave the necessary amount oi* slack 
to permit the pontoons to rise just clear 
of the vessel on becoming buoy;mt. A 
clamp was now fitted to each chain by 
the divers, just above the hawse pi]^. 
The clamps consisted, of two steel cast- 
ings, moulded to the shape of the chain 
links and of such length that they span- 
ned the hawse pipes. By means of four 
heavy bolts the two halves of the clamp 
were drawn together. These bolts ke]it 
the clamps from spreading and the chain 
from slipping through when subjected to 
the lifting strain. 

.\fter all six cylinders had been landed 
on the bottom alongside of the vessel 
and the clamps had been secured by the 
divers, the unwatering process was 
started. For this purix)se torpedo air 
flasks, charged to a pressure of two 
thousand one hundred and fifty pounds 
were placed on a coal barge. The flasks 
were piped to an expansion chamber 
which in turn was connected to a mani- 
fold. Twelve three-quarter-iiich air hose 
lines were led from the manifold valves 
to the blowout valyes on top of the i)on- 
toons. A pressure of thirty-five pounds 
was used at the manifold for blowing 
out the water while the cylinders were 
resting on the bottom. The unwatering 
operation had to be watched very care- 
fully so as to avoid the danger of spring- 
ing the heads of the cylinders when the 
external water pressure was relieved on 
emerging. 

The method proved successful in every 
detail. The work of placing the chains 
under the submarine was started on 
Aueust 21. All of the chains were in 
position on Au<nist 25. It then took one 
day to place each pair of cylinders. This 
could be done only during daylight, as 
the divers could naturally not work in 
the dark. On Aiigust 29 everything was 
ready for blowing the water out of the 
jx)ntoons. This operation took about 
two hours from the time the air was 
fully turned on. One end of the sub- 
marine came up slightly ahead of the 
other, as was to be expected. The ves- 
sel was towed into thp harbor suspended 
from the six pontoon^ as shown in the 
illustration, and was docked the follow- 
ing day. 
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Our Bad Tempers 

What makes you angry? Why do you fly in a rage when 
the soup is salty? Blame it on your grandfather 

By G. Davenport 




Chart 1. ThebUck 
profiles in the 
circles and squares 
represent the af- 
fected females and 
males respectively ' 



THAT bad temper is due more to an 
inside state than to outside condi- 
tions is demonstrated by the fact 
that the same mild stimulus causes so 
much more violent behavior in some 
individuals than in others. In other 
words it takes little or nothing to make 
some persons lose their tem- 
per. They lose it easily, just 
as children do, because they 
lack the braking power or 
ability to shut off this violent 
reaction. 
Liability 
to out- 
bursts of 
temper is 
confined 
to no 
stratum of 
intellect 
or social 
positioik 
The chol- 
eric may be rich or poor, stupid or in- 
telligent. Bad temper is an emotional 
rather than a mental disturbance. Con- 
cerning the causes of this disturbance we 
know little. We know that over-eating 
and drinking, bad digestion, intestinal 
stagnation and exciting situations are 
contributory factors. But what may 
cause an irritable state in one may not 
ruffle another. To account for this 
diflfercncc, we arc brought around again 
to the matter of individual constitution, 
f. e,, to the fact of heredity. In many 
cases that have come under institutional 
ol^servation there is not infrequently a 
regular occurrence of tantrums at month- 
ly or more frequent intervals. It would 
seem as though there were an accumula- 
tion of some substance in the body, in 
consequence of which the nervous system 
becomes so irritable that an explosion 
results from the most trivial cause. 

Bad temper is especially frequent in 
families that contain epileptic, hysterical 
or insane relatives. Epilepsy and insan- 
ity, however, are not necessarily indi- 
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cated by outbursts of temper nor dcx^ a 
choleric temper invariably accompany 
these disorders; for there are mild tem- 
pered epileptics as well as maniacs. 
The paralysis of the braking mechan- 
ism up>on which tantrums depend, seems, 
however, to occur most readily in those 
individuals whose nervous and 
other body functions are de- 
fective in other ways. 

This tendency to outbursts 

of temper, whether peiiodic or 

^^_^_^___^ irregular, is a return to an 

I I infantile 

' emotional 

condition. 
Children 
are more 
given to 
displays of 
temper, on 
the whole, 
than are 
ad u 1 t s , 
just as monkeys are much more 
capricious, on the whole, than men. 
Thus ill-tempered families have either 
reverted, in this respect, to a more 
primitive condition or else they are re- 
tarded in the evolution of this trait. 

Whatever may he the racial history 
of the trait, its present hereditary 
behavior is not obscure. We know that 
it is handed down in certain families 
from generation to generation without 
a break. That is to say, some members 
of each generation will possess this un- 
social trait and others lack it. Those 
that show it, transmit it in turn; but 
those without it cannot do so. Traits 
that do not skip a generation are known 
in the language of modern heredity as 
dominant traits. Just how complete 
may be the dominance will depend on the 
hereditary history of both parents. There 
is an hereditary combination possible 
that will produce lOO per cent choleric; 
that is when both parents are choleric 
and belong to pure choleric strains. 
The accompanying charts vlUs&Vc^Xs^ 



61 



Typewriting Eight Telegrams Over 

a Single Wire 



WIIICN the possibilities of sending 
messages over a wire by elec- 
tricity were first realized, soon 
after Morse demonstrated the first tele- 
graph, the limitations in the message- 
carrying ability of a plain circuit were 
encountered. The ordinary good oper- 
ator could send only about one complete 
message per minute, and to do this he 
required the full use of a wire connect- 
ing him with the receiver. Each line 
was thus limited to about four hundred 
messages j)er business day, and it be- 
came clear that extremely high rates 
would have to be charged for messages 
over expensive long distance wires. The 
greatest cost of the telegraph system 
was due to the erection an<l maintenance 
of the lines, and therefore the best way 
to make lower charges iK)ssible appeare<l 
to l)e to increase the number of mes- 
sages which could be handled on each 
wire. 

The first step toward solving the prob- 
lem of message limitation came with the 
duplex telegrai)li. which made it i)Ossible 
for four Morse operators to use a single 
wire at the same time. In this system 
two streams of messages pass over the 
wire sinuiltaneously, in opposite direc- 
tions, so that the capacity is doubled. 
The next step was the quadruplex. in 
which four messages are sent sinnil- 



taneously, two in each direction, over 
the same wire. In this system one line 
carries about sixteen hundred messages 
])er day, and large saving, as compared 
to plain or simplex single-message (ele- 
grai)hing, results. The duplex and quad- 
ruplex are very greatly used today, -and 
the latter is not easy' to keep in full op- 
eration during rainy weather. An o<iu- 
plex system was devised, but has not 
been found practical. 

Since the hand-telegraph systems arc 
limited in message capacity by the 
speed of the Morse oi)erator, aulomalic 
receivers and transmitters were de- 
vised to speed up the impulses p;issing 
over the line. In the Whealstonc sys- 
tem, which is perhai)s the most success- 
ful of the plain automatic telegraph.s, it 
is i)ossiI)le to send three hundred or 
four hundred words per minute over one 
wire, thus increasing. the normal capar- 
ity some ten or twelve times. In this 
system tlic messages are first punched 
into special tajK^s by |H?rf orating o|H»r» 
ators. The tapes which are simullaiu* 
ously punched out by ten fKTf orators, 
will usually keep one wire in full oper- 
ation. At the receiving station tlu* mes- 
sages are printe<l in dots and dashes on 
a second tape; this is divided ifito suit 
able lengths and distributed amongsl a 
number of transcribing operators who 




This remarkable tdecraph system has been in 
months, and has rcsidted in the saving of mudi 

eventually to the 

7i 



over the lines shown for many 
and money to the company, mad 



Wireless Telephoning Simply Explained 



By John L. Hogan, Jr. 



NOT long ago newspaper readers 
were surprised to learn from news- 
paper headlines of the startlingly success- 
ful transmission of wireless telephonic 
specdi from Arlington, Va., westward 
over the entire North American continent 
to Mare Island, California, a distance of 
two thousand, five hundred miles. This 
was astonishing enough, but when the 
next morning's papers reported that 
human speech had been transmitted wire- 
lessly as far as Honolulu, Hawaii, about 
five thousand miles of land and sea, the 
earlier result vras completely eclipsed. 
Later still, Arlington talked wirelessly 
mdi the Eiffel Tower in Paris, across 
the Atlantic Ocean. 

For the past two or three years wire- 
less tekfdiony has not been largely ad- 
vertised; in 1908 and 1909, however, its 
possibilities were greatly over exploited. 
As a result of the absence of publicity 
since about 1912 the new accomplish- 
ment of talldng four thousand, nine hun- 
dred miles comes before us as an indica- 
tion of a radical change from former 
methods of wireless telephony; the in- 
ference u that, since the distance covered 
is great, some real change of principle 
has been made. Nothing could be farther 
from the actual fact ; wireless telephony 
in its earliest days was effected in exactly 
the same way as it is today. Increases 
in distance have come mainly as a result 
of using more powerful sending instru- 
ments and more sensitive receivers. The 
development of tiiese devices is a matter 
of great importance, and has been a tre- 
mendous undertaking. Nevertheless, it 
should be remembered that wireless tel- 
ephony itself is not a new thing. The 
transmission of articulate speech by 
modulated ether waves of the sort used 
in wireless telegraphy has been accom- 
plished many times since its inception in 
1900 or thereabout; radio-telephony, as 
this modem sort of "wireless" is offi- 
cially named, b^;an some fifteen ^ears 
ago with poor communication by simple 
words over a distance of approximately 
one mile. The q)eech as first received 
was masked by interfering sounds, much 
as on a noisy telephone wire, but the de- 
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fects were eliminated one at a time, un- 
til, in 1906, it was demonstrated that 
over distances of some twelve miles wire- 
less conversations were clearer and bet- 
ter than those held over wire. The next 
year radiotelephony was demonstrated 
as an operating possibility when Fes- 
senden wirelessly transmitted speech 
from Brant Rock, near Boston, Mass., 
to New York and Washington, distances 
of two hundred and four hundred miles 
respectively. 

What Is Wireless Telephony? ^ 

The interest aroused by the new work 
of the American Telephone and Tele- 
graph Company, whose engineers are 
largely responsible for the development 
of the specific instruments used in tel- 
ephony from Arlington to Honolulu, has 
caused much speculation as to what radio- 
telephony really is. The idea of sending 
articulate sounds for miles over a wire 
and then reproducing them seems weird 
enough, but when me same process is 
accomplished without any visible con- 
necting medium, except the earth, the re- 
sult seems more than ever mysterious. 
Yet when one understands the natural 
laws which are applied in transmitting 
speech electrically, one seems no more 
marvellous than the other. Speech it- 
self is not looked upon as wonderful, 
yet the mechanics of articulate sound are 
little less complicated than those of tel- 
ephony. 

To understand the real action of wire- 
less telephony it is necessary to realize 
what speech itself really is. Vocal 
sounds, like all others, are produced by 
mechanical vibrations which reach the 
ear (usually through the air) and there 
cause similar vibrations in an auditory 
system, thus producing upon the brain 
the sensation of sound. In the produc- 
tion of speech waves, air is expelled from 
the lungs and, passing througn the vocal 
system of the throat and mouth, is set 
in vibration. Nervous control of the or- 
gans of speech permits us to alter the 
vigor and frequency of the air-vibrations 

f reduced, and to combine tfie various 
requencies of vibrations as we ma 



choose. This faculty gives us the ability 
to signal to our neighbors according to 
the conventional sound-code called 'ian- 
[;:uage." In considering this it must be 
noted that the air lying between a speak- 
er's mouth and an auditor's ear does 
actually move with the energy of the 
speech waves. The motion is not that of 
a current, for the air particles do not pass 
the entire distance from speaker to hear- 
er, but is rather that of a scries of im- 
pacts between successive molecules of 
gas in the atmosphere. In case a simple 
clear tone is sung, all the molecules oscil- 
late back and forth according to a simple 
law of vibration. Each one strikes its 
more distant neighbor and, giving up its 
energy to it, tlien rebounds against that 
by which it was impelled in the first 
place. When the sound wave to be trans- 
mitted IS complex, such as that repre- 
senting a consonant (the letter B, for ex- 
ample), the path traveled by each mole- 
cule is also complex; the movement of 
the particles may be predetermined ac- 
curately, nevert!:c!ess, by adding together 
all the component frequencies of vibra- 
tion which go to make up the sound 
being transmitted. It is this actual move- 
ment of each molecule, with exact fidelity 
to the vibration which set it in motion, 
that makes ]x>ssib1e the transmission of 
speech by electricity in either the wire 
or the wireless telephone. 

How the Ear Hears 

Since sound-waves travelling in air are 
based upon a purely mechanical motion 
of the air particles, it is evident that it 
should be possible to secure a similar 
mechanical vibration in any body upon 
which the air waves strike. And this is 
what happens when a sound wave reaches 
the ear. The small diaphragm forming 
the ear-dnim is set in vibration with the 
same frequencies as those which caused 
the scnind-wave. 

This ability of the air-waves to pro- 
duce motion is not confined to effects 
produced upon the ear-drum, however; 
any diaphragm offered to them will 
vibrate m exactly the same way. The 
motions of such a diaphragm may be 
registered upon a wax record, as in the 
])honograph, and the original sounds 
thereafter reproduced by reversing the 
rdinst process and causing the record 
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to move the diaphragm through its orig- 
inal series of paths. Or the motions of 
such a diaphragm may be used to change 
the intensity of an electric current, so 
that the sound variations in the air may 
be impressed upon the apparatus con- 
nected at the distant end of a wire, 
through the medium of electricity. When 
the variations in the electric current im- 
posed by the action of the voice are 
caused to move a diaphragm at some 
connected point, and force this dia- 
phragm thus to reproduce the original 
speech waves, wire telephony is ac- 
complished. If the electric current which 
is modulated or altered in accordance 
with the original sounds is caused to set 
up radiating electromagnetic waves in 
the ether of space, and if these pass to a 
distant ro^eiving station and there re- 
produce their original vibrations by caus- 
ing identical movements of a receiving 
telephone diaphragm, radiotelephony is 
effected. 

The three processes of speech trans- 
mission, viz., mechanically through the 
air, and electrically by wire or by wire- 
less, are identical in the basic principle 
that sound vibrations are impressed upon 
some medium capable of carrying them 
to a receiver, and there are reproduced. 
The electrical process is merely a little 
mce complicated by the interposition of 
a traveling electric current in a wire, or 
a traveling electromagnetic wave in 
space. These constantly connect the 
transmitter and the receiver, and, by 
changes in character produced by the 
original sound waves, reproduce their 
motions at the telephone held to the list- 
ener's ear. 

The Essentials of a Wireless Telephone 

Apparatus 

The wireless telephone, then, requires 
three important elements for its opera- 
tion. First, there must be a generator of 
a continuous stream of electromagnetic 
waves which pass from sending to re- 
ceiving stations constantly and upon 
which speech vibrations can be earned. 
Second, there must be an instrument 
which will modulate this stream of waves 
according to the voice vibrations to be 
transmitted. Third, there must be a re- 
ceiver which will reproduce accurately 
the variations in the waves and so make 



>I>nii(l invariably to the same letter forms. 

As now constructed. Dr. Brown's ma- 
chine consists of two sets of selenium 
crystals and two wheels, translaltng into 
sound the upper and lower portions of 
]t!ttcrs. When the Fhonopticor is per- 
fected, it will have three and perhaps 
four sets. At present the simple letters 
an easily distinguished by 90 per cent, of 
the blind persons who have used the 
Ittonopticon. The letter V, for instance, 
is repreaented by a sound like Mi Do Mi, 
and the letter L by Mi and Do sounded 
together, with Do continuing alone. With 
Ihree notes in his apparatus. Dr. Brown 
expects to handle practically every letter, 
tboo^ four may be needed for S and K. 

Tnie principle seems to Dr. Brown to 
be ca[nble of unlimited development, 
even, perhaps, to the perception of pic- 
tures by means of some yet undevelojied 
use of the uniqtte property of selenium 
crystals. 

Ko Ligil DanugM for Canal Slide 
The United Stales government is not 
to blame for damages caused by slides 
in the Panama Canal, according to Judge 
Charles M. Hough, of the Federal Court 
of New York. The steamship Newport, 
of the Pacific Mail, was sunk at Balboa 



in August, 1912, by a slide which under- 
mined the wharf, dropped eighteen thou- 
sand tons of earth, and hurled down on 
the ship two great cranes. The own- 
ers sued the goveriimeiit for eight hun- 
dred thousand dollars damages, claiming 
tliat the wharf was faulty, being badly 
built, and having been rotted by dredging, 
sea worms and other causes. 

Chief Engineer Geoi^e W. Goethals 
stated that the damage was due to a 
slide which could be neither foreseen nor 
prevented. Judge Hough affirmed this 
opinion and awarded the decision to the 
government. 

For Aerial Ooast Defense 

Maine has the distinction of being the 
first state where actual steps have been 
taken toward the founding of a system 
of aen'al coast protection. Rear Ad- 
miral Robert E. Peary, the discoverer 
of the North Pole, has offered to give 
the Aero Qub of America the use of 
Flag Island, a position of strategic im- 
portance. The proposed aeroplane sta- 
tion would involve an expenditure of 
about ten thousand dollars and would 
include a complete equipment of one 
aeroplane, one hangar, two aviators, two 
mechanicians, and enough equipment to 
last for one year. 
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as ten or fifteen miles from the "master" 
station. 

The present European war has stimu- 
lated interest in devices of this character. 
Germany is credited with having pro- 
duced an aerial torpedo, which is des- 
patched toward an enemy encampment 
from a Zeppelin, directed toward the ex- 
act spot desired, and, on its arrival there, 
exploded by wireless. An aerial weapon 
of tfiis type, if developed to a thoroughly 
pncticaf point, would, of course, be ex- 
tremely raluable, both in offense and de- 
fense; the ability to guide the torpedo 
after it has been sent out makes accurate 
preliminary aiming unnecessary, and the 
contndling airship may remain at a safe 
dirtance. 

The construction and operation of 
wirdessly controlled devices, however, 
is by no means a simple matter. In radi- 
otdegraphy, it is sufllcient merely to sig- 
nal dots and dashes, or time intervals, 
and no harm is likely to result from a 
momentary confusion of transmitted im- 
pulses, m radio-control, on the other 
hand, devices must be provided which 
will sort out the signals transmitted and 
produce specific results, according to the 
mtention of the controlling operator. If, 
when It is desired to turn a wirelessly 
guided torpedo to the left, the receiving 
instrument so mixes the signals as to turn 
it to the right, much trouble may result. 
In onler to prevent such mischances the 
instruments for radio-control, both at 
sending and receiving stations, are usual- 
ly much more complicated than the ap 
|iaratus which suffices for wireless teleg- 
raphy. The additional complexity intro- 
doeies a greater possibility for accidental 
derangement, and so has long delayed the 
production of any thoroughly serviceable 
radio-control system. 

There are several ways in which im- 
pulses sent from the same transmitter 
may be made to pro<luce any one of sev- 
eral effects at will. By making use of 
the principle of sympathetic resonance it 
is possible to assign each single "tune" 
or frequency of vibration to a specific 
result, and then, by sending signals on 
whkrhever "tunc" is adjusted to give the 
<lesired effect, to produce that action. 
Another way is to arrange the receiver 
so as to select according to the number 
of impulses transmitted; for instance, a^ 



group of two short signals might always 
turn the radio-controlled boat to star- 
l)oard, a group of three to port, and a 
group of four might be arranged to stop 
the propelling motor. 

The photographs on the opposite page 
show the wireless control apparatus de- 
vised by Professor Shepherd in its dem^- 
onstration form. In the first picture the 
inventor is seen carrying a portable wire- 
less transmitter, having its batteries and 
control key in the lower box, a spark 
coil and spark-gap immediately above, 
and supporting a small sending aerial 
wire. The second and third photographs 
show the receiver, which is arranged so 
that a semaphore, a pair of electric lights, 
a gong, an electric fan, or a whistle may 
be operated by pressing the key at the 
transmitter. Similarly the motor of the 
small boat may be started, a fire ignited 
in the stove, or the cannon shot oft. The 
fourth picture shows a model boat carry- 
ing its own aerial mast and wires, and 
arranged for wireless control. 



Oxy-Acetylene Makes Great Saving in 

Papes Mills 

A large paper mill in Maine threw 
away its broken and defective paper 
cores for many years before it discov- 
ered that all of them could have been 
made as good as new by oxy-acetylene 
welding. By this new method broken 
cores are now repaired in nine minutes. 
The two sections are prepared by being 
cut off in a machine with the regular 
cutting-off tool. During the welding op- 
eration they are slipped over an iron 
arbor of the same diameter as the shaft 
on which the roll is designed to run, to 
insure perfect alignment with the longi- 
tudinal center. As these cores accumu- 
late very rapidly in the enormous pro- 
duction of a large paper mill, it is stated 
that enough of the kind of materi<il 
heretofore scrapped is now on hand to 
funiish several years' supply without 
drawing in the slightest on any other 
source of supply. 

A French electrician has invented a 
telephone which is entirely concealed 
within the limits of a flower N%»t. 
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e:xperinientors will 
eare lo attempt its 
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dimension., are 
given, l>eeaiise the 
materials naturally 
eon veil ient to the 
builder have an 
ini]x>nant l>earing 
iil>on e v e n the 
most <1etailei] parts 
of the apiuiratus. 
The dimensions. 
tt^ellier with the 
construction in 
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a matter lr> l>c de- 
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Iniilder's iiiiJividual 
ingenuity. T h e 
general const ruc- 
tion details sup- 
plied here w ere 
unliotlietl in i h e 
ek\-trical dog, or 
orienlaliou niecli- ' 
anisni, that Mr. 
John Hays Ilain- 
mund, Jr.. and I 
con!itnicte<1. a n d 
which I have «n- 
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demonstrations 
riiiiis engineering wicielies and 
• of all kinds. 

ng oulwanlly, llie eli'clrical 
l)ese three liiinensimis : I.englli, 
three feet: lieighl. one font; 
'.vidlli, line ami one-half feel. 
A small shelf ])rojecU fnini 
ilie holloin of the ho\ to- 
wards tlie front. This is 
sawed or whittled almost to a 
]>oint,and a metal plate erected 
extending four or five inches 
outwards from a line drawn 
exaclly lielwecn the ten.ses. 
'Jlie plate is there lo |)revent 
light from going iiitu one 
lens when it is inteniled for 
tlie other. 

''•" ■leiiium cells should 
ed with great care, 
cost from live dol- 
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IMBgrom showins the etectriCBt ap- 
paratus used in the construction or the 
Hammond Mcissner Orientation Mech- 
anism, or Electric Dog. Rays of light 
striking the selenium cells cause the 
motor and steering magnets to be oper- 
ated. The light in the position here shown 
eausc« the dog to go in • straight line 
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wards. Tlie 
are of as Unv a re- 
sistance as )ms- 
sihlc, this resist- 
ance hcing at the 
same time consist- 
ent with a high re- 
sistance ratio lie- 
tweeii light nnil 
darkness. I'ulting 
this thought into 
concrete ligurcs, 
cells with a resist- 
ance of from one 
thousaixl lo one 
lumdred tliou.s:ind 
ohms normal or 
■ 'dark' ' resistance 
are the !>est. The 
resistance of the 
cell in the dark 
should he at least 
three times as 
great as its resist- 
ance in sunlight. I 
have used cells of 
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o h n 
and I h e y gave 
gooil results with 
halleries of Iif teen 
or twenty dry 
cells. Since the 
current auwmiU^s to 



only a few thousandths of an ampere, 
small flashlight lotteries may l>e em- 
ployed. The selenium cells shouUl l>c 
capable of carrying at least two or three 
miUi-am[>eres witlwut heating. 

The next and probably the most deli- 
cate step in the entire construction is 
the ultra-sensitive relay that is placed in 
circuit with each selenium cell. These 
should operate reliably on a change in 
current strength of as little a.s t.wenty- 
five millionths of one ampere. 

The finest of [lolarized relays, such as 
y^ni those devised 

for use with 
coherers in the 
early stages of 
wireless tele- 
graphy, require 
a n operating 
current of at 
least five hun- 
dred microam- 
peres, or one- 
half a milli-am- 
pere ; the most 
sensitive galvan- 
ometer relay 
with solid con- 
tacts requires 
about two hun- 
dred microam- 
peres. These 
values are for 
conditions of jar 
and vibration 
such r'S those 
Diasram of which naturally 

*^!^;^^^^ exist in the elec- 

trical (log. The 
relays that I use arc the most sensitive of 
the pivoted, galvanometer type ; but in- 
stead of having two solid contacts of plat- 
inum, one is made of platinum with a 
needle jwint, and the other is a globule of 
mercury, an arrangement which re(|uires 
a very small contact (iressure for reliable 
oi)cration under vibration. 

A drop of tight oil over the mercury 
prevents oxidation. This contact, how- 
ever, cannot break currents in excess of 
a few milliam|>eres and should therefore 
l>e used in conjunction with relays of the 
telegraph type, whicli are capable of 
handling the currents required in the 
motor and solenoid circuits. I.es9 sen- 
"Hive instniments caniiot be used unless. 



the source of liglit fw very powerful. 
The sensitiveness of this arrangement is 
so high that a dog can be operated with 
case from a distance of twenty feet witli 
a lKX!ket flashlight. 

The i)ony relays indicatc<l in the dia- 
gram are ordinary telegraph relays of 
twenty ohms re.sistancc, provided with a 
s))ccial jiair of back contacts, which arc 
always closc<l when the relay is not en- 
ergized. 

The motor is a ten-volt lottery motor 
of the largest size obtainable (altout fif- 
ty watts). Its source of {xiwer should 
\k a storage battery, which also supplies 
the solenoids. In my ap|>aratus this liat- 
Icry was comimsed of four four-volt. 
thirty-am|)crc-hour cells. They should 
l>e as small and as light in weiglit as 
iwssible. 

The solenoids arc approximately five 
inches long and three inches in diameter, 
with cores three-fourths of an inch in 
diameter. ( >f the iron-clad ty|>e, they arc 
wound with numl)er sixteen magnet 
wire, and have cone-shai>cd jkiIc faces, 
the air gap l>eing inside the coil near 
the middle: the .ttrokc is aJKiut one-half 
inch from the central |>osition. Their 
purjwse is to turn the steering wheel. 

The core, which extends from one 
solenoid to the other, is maintained in 
the central jiosilion when both the sole- 
noids arc energized. 

The single rear wheel is mounteil on 
Itall l>carings in the horizontal plane to 
facilitate turning by the steering mag- 
nets. 

The reversing switches, by means of 
which the dog can lie made to back 
away from the light, instead of being at- 
tracted to it. are not shown in the dia- 
grams as they woukl introduce an un- 
necessary amount of complication. Their 
purjKise is to reverse the connections of 
the two solenoids. 

The driving motor is connected to the 
shaft of the two forward wheels through 
a worm-wheel reduction, and a differ- 
ential gear box, such as those on auto- 
mobiles. 

The adjustment at the parts of the 
dog is sometimes a rather difficult task, 
particularly when other sources of ilhun- 
mation licsides the flashlight ?re en- 
countered. If used in a room wilh .win- 
dows through which daylight passes it 
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together. Since all sounds cuinc tu the 
listener alike, it is obviously impossible 
sometimes for him to tell whether he is 
listening to a bell or to some strange- 
noise ofthe sea. 

Mr. Bei^r's submarine signaling 
dcvii-c, however, has the one great 
advantage that sounds sent out into the 
wnter can be made to have any duration 
desired. As long as the felt-rimmed 
wheel keeps rubbing on the steel strip, a 
steady, sustained note is sent outward. 
As is cxolaincd in the illustration 
above, the nibbing of the wheel against 
the strip is under control of a tf^lc- 
graph-key, the sender operating this 
just as he would one on an ordinary elec- 
tric telegraph circuit. As the first illus- 
tration on page 712 makes clear, these 



signals sent out into the water are picked up Jby 
a microphone (delicate form of telephone 
transmitter) mounted in a water-filled chaml»cr 
in the side of the receiving vessel. The listener 
simply adjusts telephone-receivers to his ears 
and hears signals jiist as he would 



sages. This sound-wave telegraph i 
as truly a wireless telegraph as the 
kind using electric waves. 

Commander F. L. Sawyer, of the 
""•*"•' States Navy, has proposed 
that the Bcrgcr invention be 
ctmibined with ordinary 
wireless telegraphy, the two 
together forming an efTec- 
live moans of warnmg in 
case of fog. The fact that 
electric waves travel with 
the speed of light (186,000 
miles per second), or almost 
instantaneously, and that 
sound waves in water travel 
much more slowly (4,7(>8 
feet per second), is the basis 
for the proposed method. 
The electric signals and the 
sound-signals are sent out 
simultaneously by the ap- 
proaching vessels. Th« lis- 
tener on either boat hears 
the wireless signal instantly 
and the sound-signal a few 
seconds later (it having taken 
that long to arrive) and 
he can judge fairly well 
how far apart the two vetu^t ■• 
are — the number of seconds 
in this interval multiplied by the speed of 
sound in water giving the apprrocimatc 
distance. If the time intervening between 
receiving the two signals grows less anil 
less the operators know that the two 
vessels are approaching and may collide. 
A code system, coniix>sed of different 
letters of the alphal«.'t and indicating 
whatever course the ves.scls are pursuing, 
is also proposed. 

Professor R. A. Fcsscnden has in- 
vented an underwater sound-signalint- 
machine somewhat like Mr. Bcrger's. 
His contrivance, however, makes use of 
an electromagnetic oscillator working on 
one of the plates of a vessel's hull in 
place of Bcrger's vibrating wire. Both 
contrivances are effective means of com- 
municating Ni\lV\ wA^TOWwA wJfatKOTvwn.. 
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the recondite, let us consider briefly the 
anatomy of a cloud. The highest clouds, 
cirrus, cirrostratus, and probably also 
true cirro-cuniulus, with an average al- 
titude of six or seven miles alK)ve the 
earth, consist of tiny needles of ice. All 
other clouds are composed of drops of 
water, and do not differ at all in struc- 
ture from an ordinary fog, which is 
simply a cloud resting on the earth. 

These cloud particles are formed by 
the condensation of the invisible water- 
vapor (water in a gaseous state) which 
is at all times present in the air. Just 
as water-vapor condenses and becomes 
visible on the cold surface of an ice- 
pitcher, so, it is supiK)sed, condensation 
occurs in the free air on the surface of 
extremely minute (mostly ultra-micro- 
scopic) grains of so-called "dust," when 
cooled to the critical temperature with 
respect to the amount of water- vai>or 
present (the "dew-ix)int"). The exact 
nature of this **dust" is not fully under- 
stood. 

You will iKThai)s wonder how clouds 
composed of water can exist in cold 
weather, when our ix)nds and streams 
are all frozen to ice ; esi)ecially as it is a 
matter of common knowledge that the 
temi>erature of the air diminishes with 
altitude, so that wintry weather on earth 
implies wintrier weather in Qoudland. 
To find the clue to this enigma we con- 
sult the books on physics, and learn that, 
with pro|)er precautions, it is possible to 
cool a liquid far 1>elow its ordinary 
freezing jwint (32 degrees Fahr. in the 
case of water). Clouds of "supercooled" 
water-drops are seen even in the polar 
regions. A sudden jar turns a super- 
cooled li(|uid instantly to a solid; and 
thus it hapiKMis that, in cold weather, 
raindro])s or fog particles turn to ice on 
coming in contact with terrestrial ol)- 
jects, such as trees, telegraph wires, and 
the like, giving us the interesting sytec- 
tade of the "ice storm." 

Clouds are Ahi*ays Falling 

.Another paradox is the fact that the 
bits of ice and drops of water comix)sing 
the clouds should ap|)ear to "float" in 
the air, though of much greater density 
than the latter. As a matter of fact 
*hey i)o not. Cloud particles arc all the 



time faUing relatively to the air around 
them; though since this air itself may 
constitute an ascending current, they 
are not always falling in an absolute 
sense. The speed at which a cloud par- 
ticle falls through the air depends upon 
its size; the smaller the particle, the 
more slowly it falls. The smallest have 
diameters of the order of .0004 inch and 
fall in still air at the rate of about a 
tenth of an inch per second. The larg- 
est range up to more than a fifth of an 
inch in diameter, and fall at the rate of 
about twenty-six feet i>er second. Rain- 
drops and snowflakes are cloud particles 
which, in virtue of their size and other 
favorable conditions, succeed in falling 
all the way to the earth. Many a shower 
of rain or snow never reaches the earth, 
but evaporates in midair. 

Reverting to the asi>ects of clouds as 
we see them from the earth, there are a 
few interesting phenomena that require 
notice. Cirrus and cirro-stratus clouds 
sometimes occur in long, narrow strips, 
extending across the sky, and, while 
really parallel, seem to converge toward 
two opposite |K)ints on the horizon on 
account of persi^ective. These strips 
are called "i)olar bands," or, popularly, 
"Noah's Ark." Parallel bands of cloud, 
whether in continuous strips or in sep- 
arate cloudlets, reveal the presence of 
waves in the atmosphere. Where a wave 
carries a l)ody of water vapor upward 
the latter cools by expansion and con- 
denses to visible moisture. Thus the 
clouds mark the crests of the waves. 



The ''White Flag of the Chinook 
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A kindred phenomenon is that of the 
"cloud cap" often seen over a mountain. 
Here the ascent of the air, with its 
charge of water vapor, is due to the up- 
ward deflection of the wind by the slope 
of the mountain. Sometimes the cloud 
cap, once formed, spreads far away to 
leeward of the mountain peak, consti- 
tuting a "cloud banner." Such is the 
"white flag of the chinook," seen stretch- 
ing from the crest of a mountain ridlge 
in our Western .states when the chinook 
wind is blowing over it. The same phe- 
nomenon constitutes the "foehn wall** 
attending the foehn wind in the Alps. 
One of the most famous and strikiiie of 
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erably, we are apt to feel perhaps that 
something has gone off from us whose 
place was with us. It is a case of a 
lost comet. 

Thrown Off the Track by Jupiter 

In the summer of 1770 a monstrously 
large comet appeared. Its apparent 
area was twen^-five times that of the 
moon. Astronomers made observations 
from time to time during its sojourn of 
several months. Difficulty was experi- 
enced in determining whether the comet 
was traveling in an open or a closed 
curve. If the orbit 




was an open curve, 
then there would 
be no reappearance 
as long as this char- 
acter of orbit was 
followed. Finally, 
however, the as- 
tronomer Lexell 
succeeded in estab- 
lishing that the 
comet was moving 
in an ellipse and 
that it should re- 
turn in five and 

one half years. It is not known that 
this comet ever did really return. 

There was so much ascertained about 
its movements during its short stay that 
astronomers were reluctant to give up 
this comet of Lexell's. Investigation 
showed that, before its appearance in 
1770, the comet had probably been 
forced into a somewhat different path 
from that which it had been following. 
In 1767, it had come within range of 
Jupiter's influence which may very well 
have modified its orbit into the curve 
noted by cJ^servation during the visit 
tlkree years later. It was thought by 
Burckhaidtt a French astronomer, that 
vnbabiy another passage near Jupiter 
had resulted not in creating a smaller 
orbit but in enlarging the ellipse. The 
new path that was odculated required 
the comet to reappear once in a period 
of sixteen years. However, the comet 
has never again been recognized. LexelKs 
Comet is for the present a lost comet. 

In each of the years 1772 and 1805 a 
comet was observed. Again, in 1826 
B&da, an Austrian c^cer, discovered a 
comet iriikfa was soon ascertained to Ix^ 



very probably identical with the comet 
seen m the earlier years. This body 
became celebrated from the fact that 
calculations showed that upon its next 
return in 1832 it would pass the orbit of 
the earth at a distance of only twenty 
thousand miles. A slight derangement 
of its orbit and it might approach more 
closely still. If the earth should be in 
the immediate vicinity at the time, then 
our planet's own attractive power would 
probably result in the comet coming 
into collision with us. The figures 
showed, however, that the comet would 

reach the region of 
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Sir iMac Newton proved that a heav- 
enly body controlled by our tun moves 
in an eUipte, a parabola or an hyperbola 
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close approach a 
month earlier than 
the earth. It seems, 
though, that it was 
a close shave. 
People at the time 
appear to have 
been stirred up over 
the possibilities. 
The comet came 
into view again at 
theperiod expected, 
but no untoward 
results occurred. 
Forty years later, in 1872, the comet 
according to the astronomer, Klin- 
kerf ues, actuaiy came into contact with 
the earth. He telegraphed to another 
astronomer his statement as to contact 
and suggested a search in a certain 
definitely named locality of the heavens. 
Here, the second astronomer actually 
saw some comet, but was unable because 
of unfavorable conditions to carry his 
observations very far. It is uncertain 
whether he saw Biela's Comet. If he 
did, then he was the last observer of 
that remarkable heavenly body. 

Enough happened, however, in the 
forty years, 1832-1872, to lead us V 
think that very probably Biela's Comet 
has disappearcHd forever as a comet and 
that it is now a stream of comparatively 
tiny bodies. This statement requires 
explanation. In the first place, Biela's 
Comet broke into two separate parts, 
each becoming a complete comet. The 
two bodies traveled more or less closely 
together for a number of years. That 
there were two oomets instead of one 
was first observed in 1846. While under 
observation by astnmomeiB at 



the laiger or more brilliant of the two 
was seen to have three tails arranged at 
equal angular intervals about it. ^e of 
these tauB extended over to the smaller 
comet and formed some kind of connec- 
tion with it. There was in fact a bridge 
of li^t between^ the two. The two 
C3ometB were again seen in 1852, when 
tfacy were still traveling along together. 
The interval between them, which was 
than 200,000 miles in 1846, had now 
to 1,270,000. The comet seems 
n e ver to have been certainly seen since this 
oocawm. But, what was certainly seen 
was a great shower of ''shooting stars." 
These luminous meteors . seemed to 
radiate from just about the point where 
die orbitfe of Biela's Comet and of our 
earth crass each other. The date of the 
star-shower was some twelve weeks later 
dum die time when the comet itself 
abould have made the crossing. What 
these facts* when considered in the light 
off still other information of an astronom- 
ical diaracter, mean is probably this: 
After 1852, Biela*s Comet broke up into 
smaD bits of matter. These possessed 
individually the onward motion of the 
and were held in restraint by the 
(and any nearby planets), so that 
die pieces generally followed the orbit 
whin the comet itself had been pursuing. 
The result was a long stream of very 
small heavenly bodies. When on No- 
27, 1872, a part of this stream 
within the rearh of the attractive 
poirer of the earth, the separate bodies 
mU through our atmosphere. The 
iriction of die enormously rapid move- 
ment resulted in heating them up to 
incandescence. These fragments of the 
original comet thus became luminous 
meteors or "shooting stars." In 1798 
and 1838, there were notable showers of 
stars at times and places which were 
near the position and time calculated for 
Biela*s Comet for those years. These 
showers, in contradistinction to that of 
1872, seem to have preceded the comet, 
itsdf. In fact, putting everything to- 
geAer* there would appear to have been 
a stream of small bodies five hundred 
milUon miles in length. 

The foregoing suggests that when a 
comet is lost, the real fact may be that 
it has bufst into multitudes of fragments. 

Another comet which belongs to the 



list of the lost ones was first discovered 
in August, 1844. Apparently, Di Vico 
was the first to get even a telescopic 
glimpse of it. However, the comet 
rapidly approached our neighborhood, 
so that it was not long until it was 
visible to the naked eye. Di Vico's 
Comet was found to be traveling in a 
closed, or elliptic, orbit of such a charac- 
ter that It woulcf return once in every 
period of a little less than five and one 
half years. The next return would 
accordingly be in the early part of 1850. 
Unfortunately, the comet, if it really 
returned, was too unfavorably situated 
with respect to the sun to be seen. 
However, in 1855, conditions would be 
advantageous. But no comet was seen 
then. Nor has this body ever certainly 
been seen since. 

What Became of the Comet of 1264 ? 

One of the most notable of the heaven- 
ly bodies which have more or less title 
to a place amongst the lost comets is 
the comet of 1264. This body engaged 
the attention both of Chinese and 
European writers. In 1556, another 
great cometary vision was seen in the 
sky in Europe and in China. Astrono- 
mers who studied the available data con- 
cluded that the two were one and the 
same comet. Calculations indicated that 
the period of revolution about the sun 
was somewhere in the neighborhood of 
three hundred and two to three hundred 
and eight years. Consequently, this 
great comet should have reappeared in 
1858 or within a few years afterwards. 
It has, apparently, disappeared forever. 
In the year 975, a great comet was seen 
whose course has been thought by one 
astronomer to have possibly l^n that of 
the comet of 1264 at that time. 

It is of interest to note that a comet 
may disappear because its elliptic orbit 
has been deranged into a parabola or an 
hyperbola. Sir Isaac Newton showed 
that a body controlled by our sun moves 
in a curve which is some one of the 
sections of a cone — ^that is, either an 
ellipse, a parabola or an hyperbola. As 
the latter two are open curves, a comet 
which pursued such a path would go off 
into space never to reappear. A de- 
rangement of orbit from closed to open 
curve has doubtless happened often. 
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Ill llic canals IVofcssor IaiwcII sees 
iK- lifc-liiics of lilt; itUnct. They arc to 
him grt-at irrij;;iliiij; (rc-iidivs wliicli con- 




The relative liza of the moon and of direct 
Mara photocrapha arc shown by these two 
drdcs. The siie of the moon to the naked 
eye is indicated by the circle to the left: 
the circle to the right indicates the size of 
■ direct Mars photograph before enlarge - 
■nent. This di^XMC* of the usual conten 
tiixi that the Mars photographs made at 
FlagfieB are no larger than pinheads 

lucl llic water of the iiioltiiiK sikiws i. 
fertile iidds lliottsamls of miii.-s awii> 
Tlic Canals .Ire Irru/athi!/ PiUliiw 
No more f<iri-i1ilc argiiinciit 111 favo 
jf ihis view can Ik:' atUaiiccd 
lian their a | >{>«.'» raiicc and ar- 
-aiigeiiieiit. Nature never 
iV'orks with nialliein:ilieal preci- 
iion. Yet llie canals have l>een 
ilaiuicd with mathematical furc- 
;i(jht. No whim governed the 
rhoicc of their (Itrctlioii. Inva- 
■iably tlicy terminate in large 
ivcllnJefincd si>uts. from which 
hey radiate like niKikes Ironi the 
hnl) of a wheel. If there were 
jne spot, or even two s|M>ts, tu 
vhiih a pair of linos converge, 
ve might look on the phcnume- 
ii>n as one of the natural fea- 
ures of the planet, i'.ut when 
iiurc than a dozen tines run sulh 
[eonietrical directness to a sin- 
gle spot, and, when, niorco\er, 
he spots thansclvcs are connect- 
k1 by lines and arc in no sense 
solate<l. we must assume that an 
ntelligence has I)een at work. 

Aptly enough the sjKits aiul 
ines arc distributed in the very 
vgions where we shotild ex|)cil 
1 Martian engineer to |>lace 
Ikiii; in other words just where 



water is neede<l. Were it not for their 
staggering length (fifteen hun<lred to 
four thousand miles), we should never 
sec the canals at ail. Viewe<l fnnii a dis- 
lance of more than lliirty-livc million 
miles even so large a city as Chicago or 
I .omlon would be no larger than the IkikI 
of a ]»in. What we sec is not really a 
waterway, but, as Or. Pickering and Dr. 
l.oweli has (wintcd out, the vegetation 
lhat_ fringes its banks. 

Curiously enoiigli. the canals ilisappear 
al intervals, only lu reappear with their 
old clearness. On the face of it this 
would seem in itself an unanswerable 
refnlalion lo any theory which assumes 
thai llie canals are irrigating ditches. It 
would lie absurd for a hyiwlhctical race 
of Martians to ill;; canals iK-riodically, 
nn!y to fill tlicm again. But Dr. I.owell 
e\|jlains the disap|)earancc very simply. 
What we sec is but the sea- 
«,n.l crowll, o< ll,c vegcta- g^.l^~; 
lion along the liank.s. Time 
is required for the water 
of the polar scaj to makr 



The relative viuble «izcs of the ntoon and Han. 
In the nnall circle is a photogra[rfi of the moon 
(the we which it appeara to the naked eye). In 
the laige cirdc, i* a drawing of Man exactly 



ilicmselves to journey to {''lagstatf or 
other well-situated observatories are 
speedily conviiic-cd that the canals art 
crt>jective realities aiul not illusions. Un- 
til 1907 (he l''lagstaff observatory was 
the onlj- one devoted to the study ot 
planets unci es|x.-cially equipjwd and 
niai mail led for that purixise. In that 
year M. Jarry Deloges, at the su^cstion 
of Klanimarion, started an investigation 
of Mars in France and Algeria. The 
result was an aslunisiiing continuation of 
the Flagstaff observations. So similar 
are the drawings i>f the Martian disk 
made nearly si-ven thousand miles apart 
that one set might well 1>e taken for a 
i-opy of the other. If any evidence were 
needed to prove that the canals of Mars 
are real, it is surely found in the actual 
/•bolot/niptis which were hrst made ten 
years ago at Flagstaff tiy Mr. Lamp- 
land of Doi-tor l^well's stafF, and 
which have l)een duplicated o\'er again 
hy others since then. Unfortunately the 
detail in these pictures is so very fine that 
they cannot be satisfactorily reproduced 
in the pages of a mi^^a^^ine such as the 
Popular Science Montiilv. 

It must be admitted that it is not ev- 
eryone who can see the canals. The man 
who is a successful observer of faint 
stars may lie quite unable to detect fine 
planetary detail for structural reasons. 
Moreover, big instruments, especially in 
hi^ latitudes, are rather a hindrance 
than a help in observing Mars. 

Granting that Doctor Lowell and 
his followers arc right and that Mars is 
a living world, what manner of beings 
are these who have dug canals to water 
their planet? Unfortunately, no ade- 
quate conception of a Martian's physical 



appearance can be formed, although Ed- 
mond I'errier. a I'rench academician, 
some year.-i agu boldly declared that they 
must be very tall and very blonde. Ro- 
mantic guessing is not scientific deduc- 
tion. Doctor Lowell in one of his 
earlier works shows thai, while we can 
never hope to draw a picture of a Mar- 
tian, we can at least deduce something; 
almut him iKvause Mars is a small pland 
The bigger the planet on which yij:i 
live, the banlcr it is for you lo inuM- 
about. A sleani crane would be a wel- 
come assistance in moving your iwdy 
about on Jn|nler. This is duo entirely in 
the enormous gravitational attraction ul' 
Jupiter. Tlie bigger the planet the hard- 
er arc you pulled ilmvii to its surface. 
-Mars is only one-ninth as massive as the 
earth. Hence you would weigh much less 
on Mars than you do on the earth. .\ 
Martian jwrler could easily carry a> 
much as a terrestrial elephant. A .\lar- 
lian basel)all player could l)at a hall :i 
mile. Because his planet is not able to 
pull him <li>wn with the adractive force 
that the earth exerts u|>on us, the 
typical Martian has conceivably altaineil 
a stature that we would regard as gi 
gantic. Three times as large as a human 
being, this creature has muscles twenty- 
seven times as effective. His trunk must 
be fashioned to enclose lungs callable of 
iiroalhing the excessively attenuated 
Martian air in sutticiently large quanti- 
ties to sustain life. As a canal digger — 
assuming that he had no machinery — he 
would be a great success, because he 
coidd excavate a canal with the speed 
and efficiency of a small ranama steam 
shovel. 



TbcM drawinca of Man were mode under different conditions by abaerven who knew 
notfalnK of cacti other'i acttvitic*. And yet the idcturet agr6e in their eM oiti al festures. 
Dmrait No. 1 wa« nude October 21, 1909, by E. C. Slipher, of DocUr Lowdl'a staff, 
at n^^aff, Arisooa; drawing No. 3 wa* made by Jany Detlocet four tbouaand milea 
fiauFta^taff (n November 13, 1909; drawing No. 3 was nude ca January 31, 1914, with 
the Lowcffl 4«-indi r dl ec tin t tdcacope, a mai^i^rlnB power of 3fi5 beinc uaed; drawinc 
HOk 4 OMde hy Ur. SHpher about coe hour later oo the wme ni^t wMi the tame Ina- 
' die Mmc magni^ng power, ritowa the « 
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Is Jupiter Launching a Moon? 

The mysterious Great Red Spot on the biggest 
of planets and what it means to astronomers 



IF JUPITER were cut up into one 
thousand three hundred pieces, each 
would be larger than the Earth. All 
the planets together do not weigh half 
as much as Jupiter. Only the Sun 
surpasses Jupiter in size. 

A year on the planet Jupiter is equal 
to twelve of our years. Jupiter rotates on 
his axis in less than half the time of the 
Earth. But because of the planets 
enormous size, the rotation sf>eed is 
much higher. While the Earth travels 
17 miles a minute, Jupiter travels 
466 miles a minute. If Jupiter turned 
on its axis a little faster, it would burst 
as some flywheels do, when they exceed 
a safe speed. 

Jupiter may be regarded either as a 
decaying sun or a developing earth. He 
has not yet had time to cool. He is a 
great globe of gaseous and molten 
matter — the most extraordinary planet 
in the entire solar system. 

Because Jupiter is a semi-sun, there is 
some reason to believe that he possesses 
inherent light of his own. But astrono- 
mers are by no means in accord on this 
point. Perhaps the clouds, that certainly 
exist on Jupiter, owe their origin to some 
other heat than that of the Sun. In 
other words, Jupiter possesses stores of 
heat within himself. 

Look at Jupiter through a fairly pow- 
erful telc*scope and you will see two 
broad belts with two or three narrower 
ones on either side. They lie practically 
parallel to the planet's equator. Some- 
times they are narrow, and when they 
are very narrow, there is an increase in 
their number. 

Since Jupiter is in a more or less 
fluid condition, he is surrounded by a 
dense, cloudy envelope. In all likelihood, 
the belts are simply rifts in this envelope, 
exposing the more solid portion of the 
planet beneath. Not much is known 
about the belts. While they remain 
unchanged for months, the fact that they 
do alter their appearance has led to the 
assumption that great atmospheric 



storms take place on Jupiter. 

Occasionally Jupiter's belts appear 
spotted. Just what these spots arc, no 
one knows definitely. 

It was in 1878 that the great, mysteri- 
ous Red Spot of Jupiter, which has 
puzzled astronomers for many years, 
was first observed at Brussels by M. 
Niesten. It was 30,000 miles long one 
way and over 8,000 miles another. 
The Earth might figuratively have been 
dropped into the Red Spot without 
touching the sides. 

For three years, the Great Red Spot was 
a constant object of study. It completed 
its circuit about Jupiter in nine hours, 
fifty-five minutes and thirty-six seconds. 

What is the Great Red Spot? A 
volcano, said some. That is impossible^ 
because it floats freely. It has a strange 
effect on its surroundings; it has tne 
property of excavating them, as it were. 
There is a deep bay in which the spot, 
rather dim now, is located. 

In describing the drawing appearing 
on the opposite page, Mr. Scriven 
Bolton, the English astronomer who 
made it says: 

"It is propounded that our earth, when 
once in a plastic condition, rotated on its 
axis so swiftly that the matter at the 
equator could not adhere together, and a 
breach caused a portion to be fractured, 
which portion gradually separated from the 
parent planet. « So, apparently, in the case 
of our cousin-planet Jupiter, whose rota- 
tional velocity at its surface is as great as 
ours used to be, there is at present a phe* 
nomenon which sug^gcsts an epoch in the 
evolution of moon-making. That puzzling 
object on the surface, known as the Great 
Red Spot, is not a fixture of the surface, or 
we might regard it purely as a volcanic vent 
emitting hot vapors. Its constituent proper* 
ties have never l)een ascertained. ... It 
moves round with the planet's axial rotation. 
This is especially noteworthy from the 
fact that theory tells us that our moon, in 
its early stages of evolution, was carried 
round with the earth's axial motion, all 
the while just grazing the surface, and that 
its distance therefrom^ increased throiip;h 
countless ages, and is increasinjg. The m- 
ferencc denotes a Jovian moon m embryo.'* 
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acaiunt u( its unwicldincss. Mechanical 
appliances for supporting and moving 
heavy apparatus had not reached the pcr- 
fccticNi ol the present day, and the six- 
foot tdcscopc CM Lord Rosse cx)uld not l)c 
moved more than ten degrees either side of 
■ic meridian* 

On account of these difficulties, interest 
in the reflector lapsed, except in ICngland, 
where it has always been a favorite. With 
the development of photography and its 
appBration to astronomy, its usc^fuhicss 
Ixxamc very apparent. Within tlie hist 
few decades, therefore, sevend large rc- 
flcctore have Ixxn built. They arc no 
longer made of speculum metal, but of 
glass, on the front surface of which a thin 
fdm uf silver is chemically dcix)sitcd. 

Different Types of Reflectors 

In this tXHintry there arc several large 
reflectors, some of which are famous for 
the work which has Ixxmi done with them. 
Thus, there is the Crossley thrc*c-f<H)t rc- 
ilector at the Lick Observatory, which wiis 
used by Prof. Keeler in photographing 
nebulae. The results of his lalnirs slu)wc<l 
that a very large number of nebulae have 
the spind form shown in the accompanying 
illustrations. Tlie Crossley instrument, 
however, was not of American origin. It 
was nicule in Kngland and presented to 
Lick by its owner. Its installation wius 
follcywed by the (Constructing and mounting 
of the two-foot reflei'tor of the Yorkers 
Observatory, umler the direction of (i. W. 
Ritchey, who also made the mirror for the 
great sixty-inch instrument on Mt. Wilson 
and designed its mounting. A comparison 
of the two photographs of the s;imc nebula 
(Messier loi in Ursii Major), on the pre- 
ceding page, taken with the two instru- 
ments, sh€)ws that l)oth of them give 
l)eiiutiful results, but that the larger 
instrument has a greater wealth of detail. 

There is a forty-inch rellerlor ;it the 
Lowell Observatory in Flagstaff, Arizona, 
and two others are in process of construc- 
tion — n hundreil-inch for the Mt. Wilson 
Solar ()l)servatory an<l a sc»ven I y- two-inch 
for the Dominion ObsiTvatory of (^mada 
which is to be installed at Victoria in 
Kritish Columbia. 

'Hie principles of ccmstructitm are the 
Kime. whatever the size of the instrument, 
but the great weight of a large rcllcctor 
makes the engineering problem a ililhcult 
one. Tlie building of the si»venty-twi>-inch 
Canadian instrument may be taken as an 



illustration of some of the mechanical dif- 
ficulties to l)e surmounted, and the accom- 
|)anying pictures have been selected to 
show different stages in its progress. One 
shows the mounting as it was set up in the 
workshop in C^leveland. The ends of the 
polar axis A A' are supported on steel 
ciistings which are bolted to the heads of 
concrete piers. The permanent pier erected 
at Victoria is shown also. The polar axis 
must l)e set parallel to the axis of rotation 
of the earth. In the latitude of Victoria 
it makes an angle of more than 48^ with 
the horizon. To the uj^rights of the frame- 
work of the walls are attached horizontal 
ribs which are for the purpose of supporting 
the sheet metal walls. It will be noticed 
that they are in pairs, l>eing fastened both 
to the inner and the outer edges of the 
upright beams. The sheathing is attached 
to both sets, forming thus a double wall, 
with an intermediate air space of at least 
six inches. This structure must be made 
extremely stout in order to bear the enor- 
mous wxight of the <lome. One of the 
pictures shows the buikling complete, up 
to the covering of the dome. This is 
furnished with a system of shutters which 
with the double wall |>ermit the interior of 
the building to maintain an even and 
mcKlerate tem]K"rature. Klectric motors 
are uschI in moving the telescope and dome. 
These are controIk*<l by push buttons, 
IcK^ated on small keyboards conveniently 
placed for the observer to use. An im- 
])ortant part of the gearing is the clock- 
work, which carries the telescof)e with the 
rotation of the heavens, so that a star can 
l)e kept in the field of view as long as is 
desired. ' This must be made so that the 
telesi^oiK* moves with absolute steadiness. 
Tlie optical parts of the instrument are 
being made by Rnishear at Allegheny. 
The large mirror is twelve inches thick at 
the iHlges and will weigh over four thousand 
IHuinds. 

Wlial Gooil is a Reflecting Telescope? 

Having thus given somewhat in detail 
the conslrurlion of the reflecting telescoix?, 
it remains to (los<Til)e the work which can 
most satisfactorilv be done with it. First, 
it is usi»d for direct photography, both for 
recording very faint objects and for getting 
line details of brighter objciis, such as 
nebulae. This is (XThaps the use which 
ap|K*als most directly to the general re.ider. 
We can also get the photographic images of 
very faint stars, the twentieth magnitude 
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Measuring the Light of the Stars 

By Joel Stebbins 

Professor of Astronomy in the University of Illinois 

Prof. Stebbins' remarkable measurements^ of the heat of stars have attracted 
the attention of astronomers all over the world, A part from the value of the results 
obtained, his work is interesting because it shows tliat astronomers are making use 
of modern technical advances, as in the case which he describes, sometimes before 
they are perfected for commercial purposes. — Editor. 



ONE of the standard problems of 
astronomy is the exact determina- 
tion of the amount of light that 
comes from each of the stars. Not that 
the knowledge of the fraction of a candle 
power of each star is of any interest or 
importance, but that the measures are 
valuable for future reference, especially 
to determine the gradual changes in 
light caused by the dying out or the 
brightening of these distant objects. 
Our own sun being one of a class of stars, 
the best clue to the life history of the sun 
may be given by a study of other bodies 
of the same kind. We also find in the sky 
numerous extraordinary objects, called 
short- period variable stars, which change 
in brightness by fifty percent or more in 
the course of a few days, or even hours. 

Wanted: A Standard Eye 
For general purposes the unaided 
human eye is one of the best instruments 
for measuring the light of stars, and most 
forms of. photometer depend ultimately 
upon the eye for a comparison of two 
lights. Because of the difference between 
individuals, however, there is no such 
thing as a "standard eye," and astrono- 
mers have long been waiting for some 
pmrely mechanical device which will 
register light intensities. Let us note 
that such an instrument is even more in 
demand for commercial work, especially 
for testing electric lights. At present the 
ordinary householder has to take the 
word of somebody else for the amount of 
light Jie is getting from electric lamps. 
The lighting companies accommodate us 
with meters telling how much current wc 
use, but we ha\xvno exact measure of how 
much light they arc delivering. City 
authorities contract for a number of 
lamps of say one thousand candle power 
each, but who knows after the lamps are 
installed whether they furnish a thousand 



or only eight hundred candle power? 

We see that there is a real demand for 
an instrument which, held at a given 
distance from any lamp, will indicate 
just how much light is being emitted. 
Needless to say, many experimenters 
have attempted to perfect such an instru- 
ment, but so far without success. The 
underlying principle of these devices has 
been to make use of some substance 
which changes its properties under the 
influence of light. One of the most im- 
portant is the element selenium, a sub- 
stance in the Scime chemical group as 
sulphur. For more than a generation it 
has been known that the cr>'stalline form 
of selenium changes its electrical resist- 
ance when exposed to light. Other sub- 
stances exhibit this same property, but 
none to such a marked degree as selen- 
ium. The ordinary arrangement is called 
a cell or bridge. Two wires are wrapped 
about an insulator, and on one face the 
selenium is deposited and then sensi- 
tized. The best method of sensitizing is 
a trade secret, but one standard method 
is to melt the selenium at four hundred 
and twenty degrees Fahrenheit, and 
then let it cool gradually, when it will 
crystallize and be light-sensitive. There 
must be a certain amount of mystery 
in the process, even to the makers them- 
selves, for none of them can furnish cells 
of a standard resistance, nor even two 
cells which are precisely alike. On the 
opposite page is shown an unmounted cell 
of the usual form. In the dark it has an 
electrical resistance of alwut five hundred 
thousand ohms, but on exposure to strong 
daylight the resistance drops to about 
ten thousand ohms, or only one-fiftieth 
of the original. 

The principle of a selenium photom- 
eter is, then, to connect a selenium odl 
with a small battery and to measure the 
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mer. Such an arrangement is shown in 
connection with the telescope of twelve 
inches aperture at the University of Illi- 
nois Observatory. Wires are lead from 
the telescope to a galvanometer in an 
adjacent room. Two observers are neces- 
sary, one to point the telescope and ex- 
pose the selenium cell to the stars, while 
the other reads the galvanometer and 
records the measures. 

With this short description of the de- 
vice, let us see how results arc obtained 
on the stars. Nearly every one has 
heard of the wonders of si>cctrum analy- 
sis; how, by studying the light of a star, 
split up into Ihc difTcrcnt colors, the 
astronomer has been able to draw certain 
conclusions about the constitution of the 
body. For example, it is easily demon- 
strated that metals, such as iron and 
calcium, exist as hot vapors above the 
surface of the sun. It is not so well 
known, however, that by means of the 
spectrost*ope we can stud>' the motions 
of the stars as well as their chemical 
constituticms. 

It would lead us too far afield to dis- 
cuss this phase of the subject, but let 
us state that peculiarities in the spectra 
of cxTtain star^ lead us to conclude that 
they are attended by large companions 
or planets which move about them. 
Such stars are calleil **six?ctroscopic 
binaries," since thoy are revealed by 
the s|Xictroscope. Tlie North Star is an 
object of this class, being in fact a triple 
system, as there is one ImkIv which re- 
volves about the main star in onlv four 
days, while a second and more distant 
companion has a jKTicKl of a dozen years. 
In some cases the planes of the orbits of 
these companions are at such angles that 
when ihcy pass in (rout of the main stars 
there are eclipses as seen from the earth. 
;\l)out one hundred such cases are known, 
but niorcarebeingcontinually found. The 
study of tliese eclipsing binaries is espe- 
cially important, since they give us the 
most direct measure of the diameters of 
the stars. S|>ectroscopic measures de- 
termine theVize of the orbit in which the 
second ImkIv moves, while with the 
photometer is found the duration of the 
eclipse, which is simply the time neces- 
sary for the companion to pass in front of 
the main star, and hence gives at once the 
sum of the diameters of the two bodies. 
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The Stars in Orion 

Any one who is familiar with a few 
of the constellations knows Orion, which 
is in the south in the winter sky. The 
striking feature of this group consists of 
three stars in a row, known as the Belt 
of Orion. The right hand star of the 
three is Delta Orionis, the Greek letter, 
Delta, meaning the fourth star in the 
order of lettering. This object is a 
sixjctroscopic binary, the period of the 
companion ixiinx six days. The star 
was one of the first observed with the 
selenium photometer, and by comparing 
It with other stars in the vicinity it was 
s(x)n found that at intervals of six days 
there is always a loss of eight per cent 
of the light, an amount imperceptible 
to the eye. The eclipse lasts slightly 
less than one day. After an exhaustive 
study, the main facts of the system have 
been brought out, and the ap])earance 
of the two bodies as viewed from the 
direction of the earth is shown to scale in 
theoval diagram . From simple considera- 
tions it is established that the companion 
is alK)ut six tenths the diameter of the 
main Inxly, and the four small circkss 
show the successive positions of the com- 
panion in its orbit, which is not circular 
l)ut slightly elliptical, and of course 
viewed at ati angle. The dotted circles 
show the position for eclipses, and we 
find as expet^ted that when the smaller 
Ixxly is l>ehind the primary there is also 
an eclipse, but in this case only seven 
per cent of the light of the system is 
cut off, as compareil with eight per cent 
when the companion is in front. This 
demonstrates that the smaller Inxly is 
seven-eighths as intense for the same 
surface as the main Ixxly, and is hen^e 
far from being a dark |)lanet. 

The figure shows how close together 
the bcxiics are as comparcxl with their 
diameters, and we also find that we are 
dealing with a giant system. It is ver>' 
interesting to note the ccmiparative size 
of the sun. eight hundred and sixty 
thousand miles in diameter. The larger 
star of Delta Orionis h«is fifteen times 
and the small star nine times the sun*s 
diameter. The system, brought up and 
placed beside the sun, would not only 
appearlarge, but would beextraordinarily 
intense in comparison, the surface brill- 



f each compnnent cx<-cc(linf; ihc 
least twenty f(^d, so Ihal Ibc 
ht of the system is cf|ii;il to alMiut 
usancl suns! Inia|{iiic llic t'onfli- 
llierarlh if we had sm-li a pair 
.•s 1o govern lis. 

nle of llu'ir t-uormous size, llic 
iR- iiol so very nmssive, exfwxling 
(Hily alHHit tweiUy-five times in 
and therefore they are inui'h less 
lan tliesiin.oiie hundred ami lifty 
mailer in ilensiiy, wtiieh amounts 
n|; that they average alxtiK yax 
i heavy as Ihe munc volume of air. 
Int; to current theories of flu- life 
of stars, Delia Oriuiiis. like Ihe 
ii>jects in Orion, is very ycnuiK. 
due roursi^ of lime will eoulrael 
4 off and Imtooh' nuuh more like 
1, Ihoucli of course remaining 
ias«ve. 

■ase here st^leeled illnsl rail's what 
revealetl by elertri<al nie;isure- 
i>f light changes which have en- 
scitpcd eye oliservalion. Many 
arsare l>eint; sluciitnl in the same 
id it is iwissible lo measure their 
;rB and weisrh llietii, when (he 
Feet at the end of ihe leles<o|x' 
nutc electricid current set up hy 
ht action. TUns we see lhal 
UKTs are making n.se of the mtMl- 
-hnical advances, and in .some 
ke Itie preseiiC. a new device may 
nsi-d with success in pure .scieiicv 
il is jH-rficlcd for comnu'rical 



Cloth in the Roll 



mconvenien 



ol unwiTi.linK ; 
iisnre it has Ihvi 
mechaiiir-m d>- 
are. Ihe exa.- 
can Ih- as»er 



>y Aniiionv I'olia 

.f any roll of fal.r 

in a few minules. 

idea consists in passing a thread 

I Ihe folds of the roll and nieasur- 

lhn-a<l. I'"<ir ihis piir|Mise :i lool 
in Fig. I is us<.-d. The ihre.id 
ihrough a handle 2, which lermi- 
n a projection 3 alHiut the si/e iif 
Icni I ting-needle. A <lisk 4 is ptaci-d 
1 Ihv handle and the projection, 
inserting Ihe proji'ction Ix^lwivn 
lis of cloth this guanl pn's.M-s 

the end of Ihe roll, keeping ihe 



Unwinding a roll of ctorh is u 
fold its leiiKth. A thread can be inserted 
tictweai the folds and the length cf the 
thread taken 

projeclion a unirorni distance from the 
edge. 

The s|MK>l is mounted on a Im.x 16 
((■ig. 2). The thread is hekl under 
tension hy ]):is.sing Ik-Iwc^'u two disks 
23 Ik'UI together hy a spring. After 
jKissing iinniixl a large pulley ,10 at- 
tached lo the side ol the 1m>\, the thrcnd 
again ikis-si-s Ihrough two tension -plates 
43 and then inio the handle of the 
threatling-tiMil. 

The lirnimferenee of ihe pulley yj is 
jiisl one \ATtl. tin llii- ihre^detl shaft of 
this pulley is sus)K'iide<I a traveler or 
rider ,14. which mo\i-s along ihe threads 
iis the |)ulley is n.lateil. A iK.inler 38 
iixlicales die nimilH-r of turns on a scale 
y.. place.1 parallel lo die shiifl. Kvery 
iiirn siainis for one vard. The inches 
: re recnrde<l on the face of the |>ulley. 
the circumference of wlii.h is divi<led 
into thirty-six (Kiris. When ihe meas- 
urement is iH'gun llie (Miinier 4* and the 
rider ^ shoukl lM)lh Ik- at zero. The 
unwinding <»f the thread, as it is woven 
into the mil of fabric, is tluisn-ccifdcd in 
yards aiul inelwft. 



Why Can't We Hake Diamonds 

WE can. But they are so small that 
a microscope has to be used to 
see them. There is no chemical differ- 
ence between the graphite in your pencil, 
the coal in the kitchen stove jnd the dia- 
mond All are forms of carbon, and the 
diamond is but crystallized carbon. The 
Kohinoor that blazes in the diadem of 
a potentate was crystallized by nature 
from something Hke coal. 

Mcdten iron will dissolve carbon, just 
as sugar is dissolved in water. Like 
water it chills and solidifies when it ex- 
pands. A French physicist, Moissan, 
heated a crucible containing a mixture 
of pure iron and carbon to a tempera- 
ture of seven thousand degrees Fahr. He 
dropped the white-hot crucible into cold 
water. The resulting contraction pro- 
duced great pressure, and in that press- 
ure diamonds were formed, not Kohi- 
noors, but microscopic crystals, each of 
which cost about five times as much as 
a natural diamond of equal size. Sir 
William Crookes, the distinguished Eng- 
lish chemist, obtained minute diamonds 
also by combining great heat with great 
pressure. He exploded cordite, to which 
carbon had been added, in a closed cham- 
ber. In other words he used a kind of 
cannon the mouth of which had been 
sealed. If we are to make big, salable 
diamonds we must have far more power- 
ful mechanism at our disposal. Some 
day that mechanism will be provided, 
and the diamond factory of Niagara 
Falls will compete with the Kimberley 
Mines of South Africa. 

in Protection 



A Lace 

IN the summer, when the windows are 
opened, the housewife may be an- 
noyed by the fact that the lace curtains 
btow against the screens, and become 
rusty and dirty. This can be avoided 
by placing a small tack at each side of 
the window and tying a piece of white 
cord from one tack, across to the other. 
This will keep the c rtains clean. 

When a person sits near the window 
he may be bothered by the curtain blow- 
ing asainst him. Now, if another piece 
of strmg is placed exactly where the first 
piece was, and the curtain is placed be- 
tween the two, it will be kept there ; and 
both diflfiailties will be solved. 



Eliminating Pottery Waste 

POTTERY-MAKING has been, until 
recently, one of the few remaining 
industries where the skilled workman 
held absolute sway. And even with the 
most skilled of firemen, the variation 
in the degree of heat in the kilns was still 
so great that the loss in ruined pottery 
and "seconds" was immensely high. 

Not long ago an Englishman, Conrad 
Dressier, invented, for use in the glazing 
of wall tiles, a tunnel-kiln in which small 
carloads of material could be fired at 
once, and in which, by means of the 
generation of the heat from gas-pro- 
ducers, a saving in fuel up to eighty 
per cent could be affected. Not only 
this, but the temperature was kept so 
even that the wastage from ruined tiles 
and "seconds" was eliminated almost en- 
tirely, and the whole device could be con- 
trolled by unskilled workmen. 

The oven has recently been applied to 
the kindred art of pottery-making, and 
in several large plants has taken the 
place of the old ovens, with vast saving 
to the company, though perhaps deliver- 
ing a blow to that notable American in- 
dustry, the five-and-ten-cent-store, where 
"seconds" delight the economical. 

In pottery the clay bodies are changed 
in chemical and physical structure at a 
temperature varying from two thousand 
to twenty-five hundred degrees Fahren- 
heit, and to fall short of this tempera- 
ture or to increase it unduly for any 
length of time, is to spoil the merchandise. 

The gas from the producer enters the 
tunnel-kiln and is burnt, not among 
the wares to be baked, but in two long 
tubes running lengthwise of the tunnel, 
from which the fumes are carried off 
outside the kiln. The control of gas and 
air for its combustion is regulated auto- 
matically or at will, and is thoroughly 
even. The goods to be fired are put on 
the trucks, and propelled by a small mo- 
tor, taking about one hour for the trip, not 
including the cooling in a heated chamber. 

This kiln was first used in this country 
by a manufacturer of sanitary porcelain 
ware, and the scene reproduced here is 
from this American plant. The goods, 
in all cases, are placed on the shelves of 
trucks, which commence at two feet from 
the around and rise to five feet for their 
trip through the long kiln. 



157 



Plenty of Room for All Europe 

THE United States can swallow all more than fifty-one millions of pcOfAe 
of Europe — area, population and accommodated within its boundanes. 
all — as will be seen in the aa»m- More striking, however, is c~~**~ 



square miles on Europe's side. At the 
same time, however, Rissia in Europe 
would spread over the whole western 
part of our country, crowding it to the 
doors with its one hundred and eleven 
millions of people, beirig the largest of 
all the European count) ies. 

The State of California has ample 
quarters for seven Eu;x)pean countries, 
but its population is only a little over 
two millions, whereas little Roumania 
alone harbore just about seven million 
inhabitants. 

Auatro-Hungary fit; rather tightly 
across the shoulders in Texas, which has 
a scattered populatioi of nearly four 
millitMis, whereas Aiutro-Hungary has 



New American Porcelain Utennli a 
Result of the War 

ONE of the resultsof thewarwas the 
stoppage of the importation of la- 
boratory porcelain, and this has resulted 
in the manufacture of laboratory porce- 
lain in this country, which has stood the 
hydrochloric actd tests equally well witb 
that manufactured by the royal Beriin 
pottery in Germany, which until ocnr 
has Ix^n regarded as the standard. 

The cooking porcelain ware is hao^ 
produced in ivory, white, brown betty, 
and olive green, plain and decofsbedt 
and for private ward work the pretty 
deooratioDs and delicacy of the waia 
make the porcelain highly attractive^ 



Forty IhCles an Hour on 
the Water 

A BOAT has been designeo 
by D. N. Brown, of 
Grand Haven, Mich,, which, 
on test runs, has attained 
a speed of forty miles an 
hour.' The body of the 
craft is made of thin gal- 
vanized iron over a basswood 
framework two feet wide and 
twenty feet long. Two gal- 
vanized iron air-tanks are 
attached to an outrigger five 
feet from the rear end on 
both sides. When the four-cylinder of this rakish craft. Lie down 
motor, set in the rear, whirls a six-inch ably -upon the keel of the ship (i 



Forty milea on bour ii the clwni of the it 

craft, nrtiidi peitially luea out of the water i 



propeller, the prow rises out of the water should be so laid as not to in t e rf ere ■■• 
duly with any of your spinal peculugitfalft 



aiid the craft skims along like a huge 
bird over the surface, the entire weight 
resting on about three feet of the stem. 
The two tanks maintain the equiHbrium. 

The boat has proved a success in all 
ways and the inventor believes, with 
an improved design, that he will have a 
craft capable of making sixty miles 'an 
hour without being crowded. 

It is evident that the inventor reduces 
skin friction as much as he can, for 
which reason he is able to travel at high 
speed in his boat. 



What Hot The Jitney Yacht 

THAT every man who runs may 
cruise the seven seas, a jitney 



grasp the conical rudder-a»tnil Jt^K 
both hands, set your gaze intendy ilfM 
your goal and pedal for dear Itfie. : 

The rudder is a ball and sodket aStSr 
that will steer the ship in any direction 
in the water. The pedal-propeller- 
gearing is at a two tc one ratio to insure 
speed, and the pontoons A A, are 
inflated to the required buoyancy; i. e., 
to float about one-third out of the water. 

With a score of these one-man scout* 
darting across the water a batdediip's 
squadron might anchor in perfect secur- 
ity and laugh at the deadly submarine. 
Ur they might be hitched tandem, 
so that you may invite your fair l^y to 
take the air on the ocean and save not 
only the carfare to the nearest beach, 
but bath-house hire as well. 



New York is the Worid't 
Luxury Market 

LONDON, the wwld't 
central market for the 
sale of luxuries of every de- 
scription, has been practical- 
ly closed and New York has 
taken its place. Custom 
House records show that the 
imports of the "luxury class" 
have increased enormcus- 
ly, particularly in the items 
of precious stones and works 
yacht has been evolved. It is indeed a of art. As a single example, the Amer- 
peace ship — a one-piece — one man, semi- ican automobile industry's imparts of 
■ubmersible. A glance at the anatomical cTude rubber in the past year a 
iart appended, will explain the action to more than $i 1 1,000,000. 
Mil 



The timid fwimmer can now gf> through all the motiofu 

of iwinuninB while being mipported by « concealed 

water-tncycle 



Assuming that the hull resist* 
ancr in not ufttxted by diflferent 
anRlrs of krtrl, the course at 
190' with the wind is the one 
in wliich the Ixxit will make 
the fastest headway. In the 
wind tunnel of the laboratory 
the construction is such that 
uniformly niovinfs currents of 
jiir without twirls in them 
blow uKuinst the object tested. 
The mast with its sail is set up 
within the tunnel, and the ef- 
lect of the wind in tlie sail is 
tneusuretl. The sail is set at 
cliiTerent anKles to the direction 
of I lie current of air 

For courses from 45" to 160** 
the auKh* Ix'tween the lxx)m 
and ceiitei line of ship should 
Ixr one half the an^le lx*tween 
the tly and center line of ship. 
In tlie wind tunnel measure- 
nienta are nuide at each an^lc 
*^f tlie tlirtvtion of the current 
(^ air. The thrust and twist 
are mrasureii. the exiH^rinKiits 
lx*iii|; u*|X'titet1 many times 
with dilTrrent wind velocities. 
It IS the apjKirtnit direction of 
the wind that concerns the 
siiiUnK mail 
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much in demand by naval organizations. 
Since last September he has been 
professor at the United States Naval 
Academy at Annapolis. 

The underlying reason for the experi- 
ments was that the Institute has within 
three or four years established courses 
in aerodynamics, for the purpose of 
familiarizing young men with the design 
and construction of aeroplanes and 
airships. For the laboratory work in 
.connection 
with these 
courses the 
Institute has 
had installed a 
wind- tunnel 
and accom- 
panying equip- 
ment. 

The tunnel 
is one of ihe 
important ones 
of the world 
and is equip- 
ped with an 
"aerodynamic- 
al balance" 
unique in this 
country. There 
is only one like 
it in the wosM. 
The Institute 
in therefore 
prepared to 
work on the 
scie n t i f ic 
f.;aiurcs of 
wiini-iLirrents. 
Hiilii-rto smh 

lutmds havf Ikvii rmploycil fur the 
ti-Minj; <if pri))icikrs and (k-tormining 
ihf pri-^siirv.-i on Iwnlk-s of iliffcreiit 
sha|ii's. Ihi- kiiowktlm- thus gained is 
of uri-;" assis);iiiif in making airships 
of tin- kM>l rt-:-i:.iant form. 

I'rofc-^iir MMTeit bit on the idea of 
usinK llii^ liiiHicl lo disrovur what is 
the cITcii <in a siiil when subjected to 



a scale of % of an inch to the foot from 
a winning model of last season. The 
original was known to be a success- 
ful pattern and the miniature sail was 
carefully cut and made in precisely the 
same proportions as the large pattern. 
In the experiments no attempt was 
made to reproduce the deck above 
which the sail would hang. Nor was 
a jib used.. Either of these would have 
introduced disturbances in the nature 
of deflections 
of the air- 
current, which 
would have 
injured the 
chance of get- 
ting accurate 
results. 

Another 
variation from 
natural condi- 
tions in sailing 
was that the 
boom was fast- 
ened to the 
mast, but the 
gaff or upper 
boom was free 
to swing off 
into any angle 
to which the 
wind drove it. 
The sail was 
set by two 
halyards as on 
a yacht. It 
was attached 
to the b<Hnn 
and naff by 
edge or luff was 
II 



Mere the diitmctioD between real wind and 
apparent wind i« vety close 

icings, and the i 



held in place against the mast I 
brass rings. 

In the wind-tunnel of the lalxiralon.- 
the construction is such that unilorinly 
moving currents of air without swirls 
in them blow against the object tested. 
The mast with its sail was stt u[> within 
the tnnnei. and the effctl of llie wind 
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The bee's stingiiig apparatus as shown up by the microscope. It consists of a sheath 
wlthiii whidi move two barbed lancets. These form a hollow tube for the poison 



The Honeybee's Infernal Machine 



IN pfX)portion to its size, the sting of 
the honeybee is probably the most 
effective infernal machine in exist- 
ence. The stinging apparatus is smaller 
than that of a rattlesnake, yet a single 
sting has been known to kill a man. 
When we realize that it is almost in- 
virible, and consider what it can do, we 
cannot fail to be astounded. It seems 
tbe very quintessence of dcvilishness. 

The honeybee's sting is complicated — 
so complicated that many words and 
much ink have been used in discussing 
its construction and use. It is generally 
oonoeded that the sting consists of a 
shaft of three parts, the principal one 
being a sheath within which move two 
barbed lancets. Like the barbs of a fish- 
hook, the lancets are not easily extracted 
from the flesh into which they have 
been driven. The sheath and the lancets 
combined form a hollow tube through 
which the poison flows from the poison- 
sac. Two hairy, soft projections, evi- 
dently very sensitive, inform the bee 
when she is in contact with a stingable 
object. 

A snake's fangs are harmless when re- 
moved from the snake. Not so the bee's 
sting. Man, with all his ingenuity, has 
not yet devised a machine or a thrower 
of poison gas that will continue to act 
after the soldier is dead, but nature has 
done something like it in the honeybee. 

At one time it was supposed that the 
poison that accompanies th'^ sting i<% 
formic acid. That is now doubted, al- 
though the material has an acid reaction. 
It is a curious fact that there ^re otiier 



poison glands in the bee that are alka- 
line. A well-known investigator asserts 
that the secretion of both sets of glands 
must be mixed to be fully effective. The 
secretions enter the barbs. Here the two 
are mixed, later to be forced out of the 
channel formed by the sheath and lan- 
cets and through certain openings in the 
lancets. Both the channel in question 
and the openings were formerly supposed 
to be merely passages for the poison. It 
has been shown by a skilful investigator 
that the channels in the lancets are not 
connected with the poison duct, and that 
they are smelling organs, used probably 
in gathering the nectar for the making 
of honey. 

There is a long list of remedies for the 
honeybee's sting, all of them worthless. 
Rubbing or even touching the injured 
spot does positive harm, because the 
friction or the pressure forces the poison 
into the circulation and may intensify 
pain which would otherwise be only 
trifling. A well-known authority says, 
'There is no remedy in the world like 
letting an ordinary sting alone and 
going on with the work without even 
thinking about it." 

At times, with no apparent provoca- 
tion, honeybees will sting a horse or a 
cow to death within a few minutes; 
at others they may he thrown around 
and handled roughly with no more dan- 
ger than if they were flies. I have shaken 
the contents of a hive over the bare arms 
and necks of young ladies without the 
slightest injury to any ono. Again, one 
may only walk by a hive and be stun^. 
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A I^endiih Plant Which ThrivcB 
on Cattle 

A PLANT grows in Persia, which 
kills by burying itself within an 
animal's nostrils or sides, the seeds there 
germinating and imbibing the moisture 




its deadly work. The fully developed 
seed pods, hidden under the withering 
foliage of brown and yellow leaves, fas- 
ten their tiger-like claws in the nostrils 
of a grazing camel, a wild ass, an ante- 
lope or a sheep ; the animal tries to rid 
itself of the sharp prongs by ruU)ing, 
but the more it rubs the deeper it forces 
the claw-like tentacles into its tender, 
tortured skin. In many cases inflam- 
mation of the entire throat follows and 
the poor animal, unable to eat or drink, 
succumbs. That appears to have been 
the object of this fiendish plant, for it 
seems that only in the rich fertilizer of 
a decaying victim can it find enou^ 
nourishment for numerous offspring, 
which sprout from the hundreds of 
black seeds contained in its great, belly- 
like capsule. This is what the drivers 
of caravans say, and they hold the plant 
in fearsome awe, giving it many a bad 
name in their native tongue, such as 
"devil's flower," the "killer," and the 
like. The herds of breeding camels are 
left on the grazing grounds in a semi- 
wild condition, and wander over many 
miles to find sustenance. 



from the decaying body. No rain falls 
on the mountain plateaus of Persia dur- 
ing the whole summer. V^etation is 
luxurious in the spring, when water in 
abundance runs down to the plains from 
the snow-covered mountain-chains and 
ridges. A merciless sun, and a dry des- 
ert atmosphere soon evaporate what 
moisture is not carefully stored by ar- 
tificial means, and all plant life withers 
and dies, except desert thorns and some 
species of thistles. 

During the spring the fat-tailed sheep 
and the camels enormously increase the 
fatty depfjsit in tail and hump. In two 
months' time bees store up honey 
enough for the rest of the year. All 
nature seems to labor overtime. 

When the spring luxuriance of ver- 
dure is passing, our flendish plant begins 



Vftth a wheel on the fraot, * canoe en be 
handled earily by a woman or diild 

A Wheel-barrow for Canoes 

A CANOE-BARROW, invented by a 
Philadelphia man, makes the trans* 
]X)rtation of a canoe on land nn easy mat- 
ter. Even a woman can take a canoe 
down to the water with the Iwrrow. A 
wheel is attached to a simple metal frame 
that engages the gunwales and baag- 
platc of the canoe at one end. It may 
be attached to an empty or loaded canoe 
while resting in its natural position on 
the gnrand. 



there were a pair of cyclops, one pair 
of twins and one hundred and ten nor- 
mal. In the second lot there were nine 
typical cyclops and seventy-eight nor- 
mal. The twin Funduli were most close- 
ly observed and were killed and pre- 
served on the sixteenth day only because 
it was evident that they were abont to 
die. The cyclops was the smaller of the 
two; the eye on the right side was ap- 
l^ircntly lacking. 

One-Eycd Animals aitd Men 
Dr. Chichester also describes three in- 
stances of Cyclops in mammals, one in a 
rat, and the third in a man. 



The man had an hour glass eye in the 
center of his forehead. The rat had no 
external or internal indications of an 
eye; the pig had no eye-ball nor lens, 
but had three lids, the two upper onies 
being fused almost completely. Neither 
tile pig nor the rat had a proboscis. 

Obviously, monsters and freaks are 
now in a fair way to be explained with- 
out cursing nature for a visitation, 
which is experimentally traceable to 
human ignorance, accidents, disasters, 
and the circumstances that interfere 
with the natural gravitation of living 
things toward in even keel, a symmetri- 
cal development and the stability of 
health and a balanced figure. 



MARVELS OF 
MODERN SPORT 



MARVELS OF 
MODERN INDUSTRY 



Pig. I. First Separatian of Crude I^Etroleum Into Groups by Distillation 



niul oIIkt spiviiilly disiint^iiisliiii}; cliitr- 
jirtcrislii's. 

As (Tfiuii, liiilliT, rlu-est', (.'asoin, and 
oiIkt pnHiiirls an- dcrivixl from milk, so 
arc luiiidnxis nf dilT(.*rciit hydro-carlHin 
i'i>iii]>()iiiidH lyinK In-lwit-n the extreme 
|iiiiils of fi'i^o'i^t' •""' <'ylindcr sto<'ks or 
coke, seiKiralixl fnmi iTinIe oil by frac- 
lional dislillalioii. TUcsc pr<xlm-ts arc 
(livideil iiilo many dilTcrvnt grades, 
an-ordiiiK lo llieir pliysiail and chemit-al 
cluinK-terislifs, and li> the purjMtsc for 
wliidi tlivy arc used and sliip]KHl to all 
jKirts of the world, wherever an internal 
<-(iml)usli<m engine is nm, a lamp burned, 
or a wheel turned. 

CriKk' oil» may Ih> divided into three 
main families: ihoseof |Niraffin, :isphaltie 
and c^'t'lo-naphlhene base. There is no 
sliar]) line of Sf.'j>:irati<ni K'twwii llieso 
grou|>s, since nitisl iTudc oils fcnnitl in all 
fu'kls may r<niiain nii\tiiri-s in variable 
(KTivntaRes of hvdnwarlHHis, iK-longiuu 
to two or niou- familit-s. 

When the crude ix-troletini arrivi-s 
llirouKli the i>i]»e lino aiul is tle|K>siti-(l 
into storage tanks of large caitacily, a 
(HTlain st>ttHng lakt-^ ])la»v. Tlie semi- 
solids which settle ont consist of amor- 
nlioiis iKinitVm wux, nuid or other earthy 
ion%n matter and ini|)uri(icti. 



. First SlitRe — Svparalloii into iiroiips 
by Distillation 

I'rom ihe storage tanks the crinle oil 
is pumped into a large cylindrical l)oilcr, 
called a "crude still." 

Distillation as applied to hydro-carbon 
oil, is the seiKira'ioii of the more volatile 
portions from the less volatile portions 
by va|M>riz;ition, and later condensing 
them by (Kissing the hot vapors through 
a c(»oled lidK?. Light hydro-carlxins like 
gasoline, \'iHM>rizc very readily, wh««us 
heavy oils form practically no vit|>on( ai 
atmospheric pressure and temperature; 
therefore, it is nccess;iry to heat and Imh) 
cntde ix'tnileum in a dosed vesucl. in 
onler to arcximplish complete vaporiKi- 
tiim and sejwrution of the iliflercnt 
hydroH-arbons. Since crude oil is a 
complex mixture of h>'droK-arlK>ns. eiich 
of which has a diiTerciit boiling )MMni, a 
<lilTerent teni|XTature is required for th«' 
va|M)ri/ation of each comixiund. IJis- 
solvwl gas an<l the lighti'sl bydro-rarliontt 
|xiss over first, anil as the teni|XTatHfv tn 
increasixl, heavier and heavier hydro- 
carlxins :ire va|x>ri7.etl. 

Re^'e^ting to l'"igure i : The v.i|NirH 
formed are led thnmgh a pipe from (ho 
still and di!M-hargi<<l into the Ixtsc of uit 
aerial lowtr condenser. From there they 




Fig. 2. How Pennsylvania Crude Oil Is Refined 

B— Steam Still D— Agitator F— Chilling Tank H— Wax Sweater 

C— Steam and Fire Still B— Fuller's Barth Filter Q— Wax Filter Pren K— Air Drying Tank 

pass up through alternate boxes and 
air-cooled tubes, where products of 
different boiling points are simultaneous- 
ly condensed and thus automatically 
separated into groups. The lightest 
products pass completely through the 
tower and flow in vapor form to a water 
cooled condensing coil, where all light 
hydro-carbons condensable without the 
application of pressure, are liquefied and 
separated from the remaining vapors, 
which are further treated at a compressor 
plant, for the separation of very light 
hydro-carbons from the "fixed" gases. 
Of the remaining vapors, the heaviest 
condense upon striking the first air- 
cooled tubes, and the lightest upon 
striking the last tubes. Intermediate 
products, lying between the light and 
heavy ends, condense in the intenncdiatc 
tubes, depending upon their respective 
l)oiling ix)int. The va|M>rs liquefying in 
different .sections of the aerial condenser 
fall back into corresponding collector 
]xins, whence each is led by way of a 
sepiirate water-cooled coil to the storage 
tanks, called "running tanks." The 
liquids recovered in the collector |>ans 
are still at a temperature above their fire 
points, and it is necessary to cool them 
down to prevent spontaneous ignition. 



when they come into contact with air in 
the running tanks. 

Distillation continues until a residue 
(crude cylinder stock), of about 15 per 
cent, remains, when the fires are drawn 
and the remaining oil is pumped from the 
still through a cooler into a running 
tank. 

The quantity and quality of products 
obtained from this first separation de- 
jx?nd upon the method of distillation 
employed and from the base or "family" 
to which the crude petroleum belongs. 
This description, however, only concerns 
Pennsylvania crude oil of paraffin base. 
High quality oils are obtained when the 
separation is made by distilling under 
vacuum or by the use of fire in combina- 
tion with steam injection. Due to the 
mixture of oil and water vapors in fire 
and steam distillation, oil vap>ors pass 
over at lower tem|wratures than were 
fire used alone. This prevents the occur- 
rence of any serious "cracking" of the 
heavier priKhu ts. 

Seiond Sta^c — Separation and 
Finishing of First Groups 

The prime object of subjecting the 
group-distillates from the running tankr 
to different processes is to furth« 
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Niagara on Tap 

By Professor Thomas H. Norton 

To what extent should Niagara Falls be sacrificed in the production of «kc>- 
tric power f Each year witnesses a growina bitterness between two faetUmsi 
The one insists that no scenic treasure shall be permanently marred by servt' 
tude to the demattds of commercialism; the other claims with almost relent 
less logic, that in the case of Niagara, the right of the nation to utilise the 
enormous power available, sliall not be subordinated to a mere seniimeni. 
Professor Thomas H. Norton, in a paper which he read before the American 
Electrochemical Society, outlined a scheme whereby it would be possiUe to 
satisfy those who see only the beauty of Niagara, and those who see only 
power going to waste. The following article by Professor Norton is an 
abstract from the paper in question. 



THERE must be some practicable, 
workable thesis, according to the 
terms of which, on our own con- 
tinent for example, the rights of its in- 
habitants shall suffer no material diminu- 
tion in the opportunity to fully enjoy the 
splendor of Niagara, while conditions are 
created which permit the utilization, on 
a satisfactory scale, of the tremendous 
source of power, — one of the nation's 
grandest assets. 

The principle of an intermittent water* 
fail would appear to offer a simple, but 
thoroughly practicable solution. It may 
be briefly formulated as follows: 

During somewhat more than half of 
the twenty-four hours, especially during 
the night time, a waterfall is completely 
harnessed. Every kilowatt which it is 
capable of creatmg is devoted to the 
service of industry. During a shorter 
period — from ten A. M. to eight P. M. — 
the cataract resumes its normal activity, 
contributing to the esthetic enjoyment of 
all who behold it. 

In the case of Niagara, naturally the 
most familiar of the world's g^eat catar- 
acts to the readers of the Popular Sci- 
ence Monthly, the application of the 
intermittent principle would offer no dif- 
ficulties of an engineering nature. The 
topographic factors are simple. 

To harness completely the great mass 
of descending water is a matter of 
comparative ease. The expense would 
be far less than that required for the 
monumental Assouan Dam of the river 



Nile, — five htmdred millions. It woald 
probably not exceed two hundred niB- 
lions at the outside. 

One-quarter of a mile above the west- 
ern extremity of Goat Island, where rip- 
ples betray the beginning of the upfier 
rapids, a dam would be constructed at 
right angles to the axis of the river. The 
length would be about four-fifths of a 
mile. Niagara River at this point is ex- 
ceedingly shallow. Equidistant soand- 
ings from the American shore to Ae 
Canadian shore show an average depdi 
of 3% feet. It is evident that the oon- 
struction, based upon the rocky bed of 
the river, would be relatively easy and 
inexpensive. 

The dam would possess the necessaiY 
architectural features to harmonize with 
the environment. The water impounded 
by the closing of the gates could be led 
by huge canals, on both sides of the 
gorge, to the edge of the bluff overlook- 
ing Lake Ontario. From this point a 
multitude of penstocks and rock tunnels 
would conduct the entire volume of wa- 
ter to the level of the river near Queens- 
ton on the Canadian side and Lewiston 
on the American side, where battalions 
of power-houses can easily be located. 

The total section of the system of can- 
als and penstocks required for the com- 
plete utilization of the average flow of 
Niagara River would be approximately 
sixteen thousand square feet. The mean 
flow of water, with a hydrostatic head of 
nearly three hundred and fifteen feet^ 
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wouki occupy the entire space behind the 
curtain of falling water, as far as their 
presence could be concealed from the 
view of those on the adjacent banks. 

It is scarcely necessary to state thai 
during the fourteen hours of enforced 
quiet and rest, while the watery of the 
Great Lakes are diverted through a maze 
of penstocks, to dash uix)n thousands of 
turbines, the sight of a serried array of 
mechanical devices, lining the cliffs of 
Niagara, would be sadly out of harmony 
with the otherwise gloomy grandeur of 
the gorge. 

Although this period covers the lime 
ordinarily devoted to slumber, still in the 
evening and during the early forenoon, 
tourists and others would constantly 
gaze uix)n Niagara at rest. 

To ranedy this feature, one per cent 
or less of the river's volume would be 
allowed to pass the dam, and flow over 
the brink. It would generate a thin cur- 
tain of water, just enough to hide the 
massive scaffolding and the maze of 
wheels. By simple hydraulic devices, 
this small amount of water could be 
largely transformed into spray. A deli- 
cate lace-like "bridal veil" would screen 
cliffs and every trace of commercialism. 
The initial outlay would scarcely ex- 
ceed two hundred million dollars. This 
is equivalent to a capital outlay of twen- 
ty-seven dollars per annual horsei)ower, 
based upon continuous use. The annual 
interest charge would be less than a dol- 
lar seventy-five. This approximates the 
rates of two dollars per annum in Ice- 
land and of three dollars on the west 
coast of Norway. At present the elec- 
tric power of Niagara costs twenty dol- 
lars per annum. 

It would mean the creation of an in- 
dustrial metropolis, .surpassing any now 
existing on the face of the globe. No 
cinders or soot would pollute its atmos- 
phere;-r no towering chimneys would rise 
against the sky-line. Industries of the 
most varied nature, carbides, carlwrun- 
dum. aluminum, cynamid, chlorin, alka- 
lies, steel, copi>er, and many minor 
branches — all dependent upon the elec- 
tric current — would gravitate to this 
])oint. It would become in very truth — 
])erhaps in name — the electropolis of 
America! 
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an Air- 
Driven Sled 

IT was doughty old Count vau 
l>e1in who first |X)inted the way to- 
ward locomotion with an air propeller. 
More than fifteen years a^, when he 
first planned the giant, rigid airships 
which are now known by his name, he 
had to conduct a series of experiments 
in order to obtain propellers of sufiicieill 
thrust for his huge untried craft. Ac- 
cordingly he mounted them upon a boil 
and made exi>eriments on Lake Con- 
stance. The speeds which he attained 
were not more than twelve miles an 
hour, but they were sufficient to prove 
that he could urge his first giant vessd 
through the air at forty miles an hoar. 

The idea reappeared in France at a 
later date. Ordinary launches as well as 
specially constructed hydroplanes vrere 
driven on the Seine by propellers revolT- 
ing in air. Tissandier and Santos-Do- 
mont made sjx^eds as high as fifty miles 
an hour on water. As in Count von Zqn 
pelin's case, their experiments were 
prompted i)y the thought of obtaining a 
system of propulsion for air boats. So 
successful were they that a few motor- 
cycles and automobiles appeared thus 
propelled. 

Now comes an American manufactur- 
er who reduces the idea to commercial 
practice. He has constructed an air- 
propelled sled with whi<*h it is possible 
to obtain a s]>eed of sixty miles an hour 
over ice or packed snow. An engineer- 
ing experiment, to test out the possibili- 
ties of an aircraft, has been developed 
commercially. The air-propelled i 
craft is now a vehicle of sport. 

Notice the construction of the sled 
it is depicted on our front cover. Upon 
a frame supix)rted by the two rear nm- 
ners a gasoline engine is carried, Iw 
which the air propeller is driven. A 
string-piece connects the motor-carrying 
frame with the single forward runner. 
There is room for two men. The rear 
man does the guiding with an automo- 
bile steering-wheel connected with the 
forward runner, which is pivoted so that 
it acts as a kind of rud<ler. Stop tlic 
motor and the whole sled can be checked 
and brought to a standstill very <|uickly 
by a i)owcrful e?nergency brake. 



New York's Submarine Subway 
and How It Was Built 

By Howard B. Gates 

The author of this article is a Civil Engineer^ who is connected with the Public 
Service Comniissivn of New York city. His official duties were such thai he 
was closely identified with the daring work that he so interestingly describes. 
Obviously t he writes from first-hand knowledge, — Editor. 



ATWENTY-story building literally 
grows out of the ground over 
night; subways are built beneath 
our most congested streets and under 
rivers and we scarcely know they are 
there until they are ready for operation; 
our water supply is siphoned under 
rivers at great depths and runs through 
the very bowels of the earth in arteries 
hundreds of miles in length for our con- 
venient use at faucet and hydrant; 
bridges spring from the opposite banks 
of our rivers and meet in the center 
within a fraction of an inch and we talk 
with our friends across the ocean and 
continent with perfect ease and under- 
standing. Not only to the lay mind but 
to the technically trained as well, do 
these achievements become a source of 
wonder, the former accepting the result 
as sufficiently marvelous in itself, while 
the latter appreciating the underlying 
principles of science and laws of nature 
which contribute to their success, won- 
ders at the ingenuity of their applica- 
tion. One of the most recent examples 
of these marvels of engineering is the 
"submarine" subway or Harlem River 
tubes built beneath the Harlem River to 
form the connecting link between the 
Boroughs of Manhattan and the Bronx 
subway systems now nearing com- 
pletion. 

The Harlem River at the point of this 
crossing is six hundred feet wide and 
varies in depth from twenty to twenty- 
six feet. In accordance with the require- 
ments of the Secretary of War, the top of 
the structure was fixed at a depth which 
placed it an average of seven feet below 
the river bottom and made the lowest 
point in the structure about fifty-seven 
feet below water. To start the con- 
struction at the bulkhead lines was not 
l^-acticable; hence the tubes were pro- 



jected landwards, so that the total 
length of this special construction was 
one thousand and eighty feet. 

The Four Ttibes Floated Like Boats 

Briefly, the method consisted in as- 
sembling the steel shell or form of the 
four tubes, in sections about two hundred 
and twenty feet in length upon timber 
supports above the water. With the 
ends sealed or partially closed, a section 
was launched and floated as a boat* 
Towing it to and anchoring it above its 
designed location, its tub^ were filled 
with water under positive and accessible 
controls and gradually lowered into a 
previously dredged and prepared trendi. 
As each section was lowered in turn, it 
was attached to the end of the previously 
placed section and encased in concrete. 
When all of the sections had been 
lowered and properly encased, with their 
ends closed by watertight walls or 
bulkheads, the water by which they had 
been sunk was pumped out, and a 
reinforced concrete lining was placed 
inside the steel shell to complete the 
structure. 

The steel portion of the structure 
consists of four parallel tubes bolted 
together, with flat sides on their interior 
walls. Between the tubes are vertical 
diaphragm plates which are placed at 
intervals perpendicularly to the direction 
of the tracks and which extend to the 
rectangular limits of the structure. 

Digging Trench for the Tubes in the 
Bottom of the River 

The safe submerging of this light steel 
form and the temporary control and final 
location of it, comprise the most wec* 
tacular part of this great scheme. The 
trench into which the subway was to be 
located was formed by a "clam-shdl*' 
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dredge. While the trench was being pre- 
l>ared, the structural steel tubes were in 
process of building over a slip about a 
mile away. 

In launching each section nine flat- 
decked boats similar to canal barges, 
were uniformly distributed beneath the 
structure at low tide. As the tide rose 
the huge steel form was lifted clear of its 
supports; then tugs readily towed it out 
of the slip. Small valves in the bottom 
of these boats were simultaneously 
opened, the section slowly settling down 
into the water until it floated on its own 
surfaces as a boat. The flat boats were 
ballasted with stone to overcome the 
buoyancy of the wood of which they 
were constructed and were readily pulled 
from beneath the structure. After they 
had been pumped out, they were 
available for use on the next section. 

The flotation of the structure was 
made possible by the watertight wooden 
bulkheads which completely closed the 
ends of the outside tubes and the lower 
half of the ends of the center tubes. 
These bulkheads and tubes presented 
something of the appearance of four 
large submarines tied together, their 
ends cut off and boarded up. As the 
same essential principles are involved in 
their submersion, they might be termed, 
the "Subway Submarines." Their weight 
or displacement when entirely equipped 
was about seven hundred and fifty tons. 

How the Tubes were Sunk 

It is evident that, if the tubes are to be 
submerged, an enormous weight must be 
added to overcome the buoyancy that 
causes them to float. The admission of 
water suggests itself; but the scientist 
points out that this is a practical 
impossibility. Certainly it is a grave 
risk, to attempt to control and adjust 
the amount of water in so large a 
structure, especially where any tendency 
toward unequal settlement might cause 
the water to flow to the lowest points, 
and eventually plunge the whole struc- 
ture to the bottom a hopeless wreck. 
It is a well-known principle in physics 
that the resulting buoyancy-effect of a 
floating body (in other words, the 
weight which the floating body will carry 
and remain floating) b theoretically 
equal to the weight <h a volume oi water 



of the same dimensions as the floating 
body, less the actual weight of the body. 
In the light of that principle the use of 
the four steel air cylinders illustrated in 
place upon the top of the tubes is at 
once apparent; they furnish the neces- 
sary suspension while the tubes are being 
filled with water. 

These cylinders, of light steel plate, 
were divided into three compartments 
(a small center one about fifteen feet 
long and two end ones about twenty-six 
feet long). Each compartment was fitted 
with separate valves for the admission of 
water and for the application of air 
pressure by which the water could be 
removed entirely from the cylinders, or 
from any compartment, or adjusted to 
any desired refinement. The cylinders 
had a combined floating effect seventy- 
six tons greater than the structure when 
submerged. Hence it was necessary to 
let in but nineteen tons of water to each 
of the cylinders to overcome their 
tendency to float. With the buoyancy- 
cylinders in place and four long steel 
location masts erected and carefully 
plumbed so that they were exactly over 
the center line at each end of the outer 
tubes, the section was ready to be towed 
into position. Approaching the site, the 
scene presented was essentially that 
shown at the extreme right in the 
illustration. 

Filling the Tubes with Water to 
Sink Them 

In order to fill the outside tubes with 
water (the first operation in lowering a 
section), twelve-inch submerged valves in 
each of the end bulkheads were opened 
simultaneously. With the excess float- 
ing effect of the buoyancy cylinders in. 
mind, it will be appreciated that it was 
relatively unimportant how fast the 
tubes filled with water as long as they 
maintained an even keel. Slowly the 
section settled, as it filled with water, 
until it became submerged. Gradually 
it transferred its weight to the buoyancy 
cylinders and pulled them down into the 
water until only about two feet six 
inches of the cylinders were visible, a 
condition which followed shortly after 
that shown in the insert at the lower 
right-hand comer kA die double-^^s^ 
illustratioa. Vl^^fdnoftSL tX3NQfivfi% ^o^^ 
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Workmen Shot From Tunnel 
Through the Bed of a River 



By Eustace L. Adams 



BROOKLYN BRIDGE was jammed 
with mid-aftemoon traffic. On the 
East River, far underneath the 
lofty structure, tugs and barges were 
busy with their endless tasks. Suddenly 
passengers on the bridge and crews of 
boats heard a muffled roar, and a geyser 
shot from the river twenty feet into the 
air. Dark forms mingled with the water, 
and a moment later, when the rush of the 
geyser had died down, three men were 
seen floating on the surface of the river. 
One of these men quickly disappeared 
from sight. His dead body was later 
recovered. The other two swam for shore 
and were rescued. One of them died 
before he could be taken to the hospital. 
The other lived. All three men (sand 
hogs, who had been digging in an 
atmosphere of compressed air under the 
river) had been blown from their posts in 
front of the great steel shield which is 
boring through the East River bed to the 
open air. They were shot through 
twenty-seven feet of river mud, twenty- 
five feet of water and an additional 
twenty into the air on top of a geyser of 
mud and foam. 

The first knowledge that the ofHcials 
at the Brooklyn end of the new subway 
tube had of the accident was when a 
number of terrified workmen rushed into 
the compressed air caisson, clamoring 
to be let out. Among these was one 
man who had been a witness of the acci- 
dent, and from him a coherent story was 
obtained. 

The tunnel in iHiicb this strange acci- 
dent OGcuncd had been pushed out under 



the river for about three hundred feet, 
by what is known as the shield method. 
When engineers commence their under- 
ground tunneling, a heavy steel shield 
is built at the end of the shaft where the 
men are at work. This shield is pushed 
forward into the mud or dirt for a dis- 
tance of two feet by a number of hy- 
draulic rams which are capable at 
exerting a pressure of five thousand 
pounds to the square inch. In the shield 
are a number of doors which allow the 
workmen, or "sand hogs," to dig away 
the dirt, stones and mud in front so 
that the shield may be moved another 
two feet. 

The question naturally arises: What 
keeps the mud and water from coming 
into the shield and overwhelming the 
workmen? A short distance behind the 
shield is a bulkhead wall, containing air 
locks. The entire space forward from 
the airlock is kept filled with com- 
pressed air. This air, when maintained 
at the proper pressure, balances that 
of the water and keeps it from flowing 
into the tunnel. If sufficient pressure is 
exerted by the air-pumps, the water is 
driven still farther away, and the work- 
men may work on dry ground, instead 
of on mud of a molasses-like consistency. 

As they excavate in front of the shi^, 
the workmen plank up the opening they 
have made and remove the planks just 
before the shield is to be pushed forward. 
The shorii^ serves merely to keep loose 
earth and stones from falling upon the 
men as they work. 

Fourmen, who were outside tb« AicSiLx 



well as on experimentatioi 
back of which were the ' 
resources of a great type- 
writer company. ^ 
The line of reasonli^ in- ^ 
volved in designing the g 
machine, though somewhat , 
intricate, is exceedingly in- ^ 
teresting. Getting any 
machine at all to respond to 
such an uncertain and vari- 
able director as the human ' 
voice, is a task beset with "' 
difficulties. * 

Speech Pad First to Be m 

Studied « 

In a recent paper which " 
he read before the American ' 
Institute of Electrical En- o 
gineers, the inventor dis- * 
cussed researches lately * 
completed into the true r 
nature of speech, these « 
having a great deal to do v 
with the practical workings » 
of the eventual machine. , 
It was discovered that , 
all speech can be represented i 
by a sort of natural alphabet 
of sound patterns, which, no matter 
what the voice may be, always have the 
same shape. When a man, for instance, 
pronounces a given word he molds air 
waves in precisely the same way as does 
a woman. So far as sounds go, a Choctaw 
Indian is as well provided as a Harvard 
graduate; the only difference is that the 
sounds are grouped differently. This is a 
fundamental law. The mechanism of 
speech is the same in alt of us. Heretofore 
physicists and workers with speech and 
sound have been troubled by the fact 
that they had nothing definite to work 
with. The consonant letters, when one 
person spoke them, would appear to 
have much the same wave shape as 
vowels enundoTi'l by another speaker. 
In fact, evet' i> nsonants and vowels 
produced by the same person sometimes 
seemed to have these indetenninate 
shapes when the scientists squinted at 
them through their sound-wave record- 
ing machines. Hence the task of ever 
gcttine spoken sounds analyzed and 
das«fied for study seemed hopeless. 
Until these letter-sounds were analyzed 
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and classified so that somebody couM 
reason out the real underlying law they 
obeyed, it was obviously impossible to go 
go far toward a voice-operated type- 
writer. One cbnnot simply say "Writer 
to an inanimate collection of levers and 
expect them to respond. 

Why Whispers Were Studied 
The instruments which were used in 
determining the real nature of speech 
sounds are shown on Page 66. With 
this apparatus Mr. Flowers dealt only 
in whispers. Why? Because whispering 
is the most elemental way one can convey 
speech. When you whisper you make 
no use of the vocal cords or other cool- 
plicated mouth and throat mechanisms. 
It may be said in passing that one of the 
principal rc.isons previous workers with 
speech sounds failed to get at true 
sound-wave shapes was that over-tooes 
(extra tones that cause a given vtMoe to 
have its peculiar and distinctive natan^ 
caused the shape of the main tone or 
fundamental to be obliterated. Re»- 
onant or echoing tones arisiiig in tfas' 



What the Wwd "Boat" Looks Like in Air Waves 
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mouth also aided in this. By dealing 
with whispers, however, the inventor at 
once eliminated all complications arising 
from the use of vocal cords and accom- 
panying resonant vibrations. He could 
actually detennine how it was that one's 
lips, teeth and tongue shaped letter- 
sounds and words into air waves. 

As the figures on Page 66 explain, his 
apparatus was so sensitive that all sorts 
of whispered sounds could be recorded. 
The lower figure shows three sample 
recent secured with the machine. Hun- 



dreds of others were obtained. It was 
found that each letter of the alphabet 
had a natural wave form of its own. 
This was the same no matter who the 
speaker was. In fact, it was found that 
these were the wave patterns, which, 
transmitted by the air, strike the ear 
and cause the brain to recognize a given 
letter as such. In other words, the 
letter patterns secured on photograph 
paper represented the actual wave 
shapes which everybody must use in 
conveying intelligence by meana ot 



Catching Turtles as a Business 

DID you ever wonder where the 
turtle in your soup at the fashion- 
able ' restaurant came from? Did you 
know that manv of the buttons on vour 
clothes were made from the backs of 
snapping turtles? In early SeptemlKT. 
when turtles are house-hunting among 
the pebbles and worms in the muddy 
bed of some fresh water creek, prepara- 
tory to sleeping away several months of 
cold winter weather, men arc getting 
ready to wake them up in the middle of 
their nap by jabbing a steel hook into 
their backs. The work of hunting 
turtles, though it begins in the early 
autumn, continues all through the winter 
months. 

The hunting of turtles has lx*come a 
specialty with J. S. Bassler, who can 
boast of caiching four and five tons ever>' 
year. He uses a heavy steel rod bearing 
a hook at the end. Fitted with rubber 
boots and warm clothc*s, Mr. Bassler 
wades along the stream, jabbing the 
hook into the muddy Ixjttom. Rudely 
awakened from his comfortable, ice- 
cold l)ed, the turtle is jerked out of the 
water on the end of the hcK>k. 

The turtle hunters usually select 
some country having numerous >mall 
streams. Here they pitch their tent 
and remain for several days, working 
within a radius of eight or ten miles 
from camp. After the streams are 
exhausted, thev move on to another 
section c>f country. Sometimes five 
hundre<l pfumds of turtles are found in 
the siime hole, and thousands of pounds 
are caught during the usual stay in each 
tamp. 

The live turtles are |>lace(l in lar^e 
bags and carrie<l to the road where they 
are loadc^l in a wagcMi. A hag c)f turtles 
weighs between one hundred and one 
hundred and tw<nty-five fK)unds. The 
turtles are later packed in >ugar barrels, 
one on lop of another, each barrel 
weighing as much as three hundred and 
twenty-five pounds. They will live in 
this condition for many days. The 
chief markets, like New York and 
Chicago, pay from six to twelve cents a 
pound for turtles, including the shells. 

Turtle soup is made from ordinary 
snapping turtles and not from green sea 
turtles, as gourmets fondly believe. 
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Why Logwood Is Worth $200 a Ton 

THP3 great bulk of the logu'ood from 
all regions of its growth is used to 
obtain black dyes which result from its 
use with alum and iron bases. The use 
of logwood dates back over two hundred 
and fifty years, and from that time on 
the logs from Yucatan and Honduras 
have been considered far superior to 
those obtained from Jamaica and Santo 
Domingo. It may Ix; of interest to note 
that the logwood tree is not a native of 
Jamaica. 

The first ^hipment of logs that came 
into England in alx)ut 1550 was obtained 
at points on the Spanish Main and it 
seems that at first the dyers were unable 
to obtain durable colors. In order to 
protect the public the use of logA\ood 
was forbidden in 1581 by an Act of 
Parliament. The dyers in France and 
Germany, however, >cx)n developed the 
use of logwood. After that English 
dyers were again permitted to use it. 
with the result that the demand for log- 
wood began to increase. The wood from 
(^ampeche soon brought a price as high 
as $500 per ton. and that from Jamaica 
alx)ut $250. At the present time the 
Campeche wo<xl sells for about $200 per 
ton and that from Jamaica and Haiti 
$100. 

The world's pre&ent annual consump- 
tion of logwood is estimatwl at about 
200,o<X) tons, of which the I'nited States 
consumes approximately 30.000 ton>-. 
The import statistics for 1914 show that 
20,000 tons of k-gwcxKl came from 
Jamaica and about io.ckx) tons largely 
from Haiti. The Bureau of Statistics of 
the Department of < 'ommerce and Lalx>r 
supplies the following figures in refer- 
ence to the sources, quantities and values 
of logwood imp<jrted during 1910. 



SOCKCE 

British Honduras . 
British West Indies 

Haiti 

Mexico 

St. Domingo 
Other Countries 



QIANTITY 

1.005 tons 
11,187 
19,022 

449 

434 
221 



• 4 



VAI.CE 

S 16,491 
I37,90f> 

:?no.544 

3.914 
4.212 



The present bad condition of the dye 
trade in the United States has called forth 
numerous propositions for remedying the 
difficulties, but nothing practk^il Vs»»» 
been done. 



the standard in appearance, for which 
sen'ice each bo>- pays a small weekly 
rental. Three tailors are employed con- 
stantly to keep the uniforms clean and 
in repair. In the summer, washable 
blouses are pre*"-''"' :-=*-• .-i "f ~^a.^ 
The company m 
the bo>'9, with 
soap. 

Each boy is 
instructed in 
simple matters 
of courtesy. He 
is taught when 
and where to 
Temo\-e his cap. 
He is made to 
fee) that he is 
identified with 
an important 
coratnercial 
house, and that 
his deportment 
should be such 
as to be worth)- 
of his company. 
He knows thai if lie <loi:-s nor conduct 
himself proiKrly he will be reported to 
the manaiicr. Hi? oversights arc entered 
iipon the index card, and adverse entries 
count against him when the time comes 
for promotion. In thi* practical manner 
the boy is tnught that good manners 
bring their reward in dollars and cent';. 

The compiiny al-o maintains a ^matl 
circulating library for the use of the 
hoys, a former me^:-enger acting as 
librarian. Every boy in the messcnficr 
service is entiik-d to the free use of this 
librar\-. 

The company de-ires to assist ever\- 
liiy to lit himself for something belter, if 
the bo>- cares to du so: and to further 
this object, a typewriter is placed in the 
nie-sengers' waiting-room. Any boy is 
at liljerty to practice iipr>n it while wait- 
ing for calls. A Kt of telegraph instru- 
ments has al-o bit-n installed, with an 
iii>ide conncLiion, so that any ambitious 
!>oy may learn Telegraphy and carr\" on 
commimication with another boy at the 
end of the line in the same room. 

Especially, commendable work which 
Mr. Geigte performs is in training his 
bo>s to l^ men. A messenger boy is sub- 
jected to man>- experiences which rarely 
come to the boy emplo>*cd in a business 



Great quantities of dothes for inesMnger boys 

are kept in the itock room. Each new apphcant 

it fitted with a suit of correct »i«e. The 

alterationi are made in the company's 

tailoring department 



house. The boy's honesty and integrity 
are tested hourly by the very nature of 
his service, and he himself is subjected to 
the wily approaches of those who would 
profit by his commissions. Thus the boy 

" iipj (Q jjj, doubly 

first entrenched 

own consciousness 

e be tempted to do 

g; and secondly, 

lUst beeverwatch- 

I for the tempta- 

)n from without 

which would 

ensnare him 

and despoil his 

employer^:. 

Among >cv- 
eral hundred 
boys, it some- 
times happens 
that one is not 
so careful 



par 



icular 



some matters 
as he should be. 
This lapse is reported to the manager, 
and the boy comes before him for ex- 
planation. A boy is never discharged 
for a first offense, unless it be of a very 
serious nature. Instead, the manager 
talks it all over with him in the desire 
to be helpful rather than harsh. The 
boy is given an opportunity to try again 
in another location, from which reports 
are also made. Should the boy fail even 
a second time to progress sati^factorily 
he is given still another trial, with the 
earnest, patient counsel of the manager 
to show h'm the right course to pur^ue. 

Making Weather Forecasts with Flowers 

WEATHER conditions may be pre- 
determined by means of a unique 
arrangement, easily prepared by anyone. 
Procure a bouquet of paper riowers. 
They may be made or pu^cha^e^l. but 
their colors must Ije pink and blue. Dip 
the flowers in a saturated solution of 
chloride of cobalt and allow to dry. 
Repeat the process five or six time* : and 
place the flowers in a suitable vase. 

When wet weather is approaching, 
the flowers retain their original colors, 
but when it is going to be dry, the pink 
flowers become purple and the bVv»: "^^we^ 
turn gre«TV. 



ut tlie negatives. That is, a positive 
from the green plate will show the leaves 
transparent, and the rose dense; while 
that from the "red" plate will show the 
Iea\-es dense, and the rose transparent. 
Dyes used in this process affect only 
the dense places. It is obvious that 
if you want a red rose to be red in 
the resultant picture, you will have to 
color the positive from the "green" 
ncgalive red, that being the only one 
showing the red rose as a dense area. 
Siniiiarly, you will have to color the 
positive from the green negative "red," 
since in this case the leaves are dense. 
After dyeing them in this manner, the 
plates pass through a special process to 
eliminate the opaque black silver on the 
plates, leaving only the colored images. 
This process completed, the two plates 
are placed face to face and registered 



properly. Then you see the red rose 
in Its proper place among the green 
leaves. 

The next step is to cement these two 
positive emulsions together. This done, 
they are stripped from the glass and 
transferred to paper, canvas, ivory (in 
the case of a miniature), or any other 
backing. In their new positions they 
look not unlike an oil painting, especially 
when canvas is used as a mount. 

For the sake of simplicity, the fore- 
going description of the red rose and 
green background referred only to these 
two colors. It is understood of course 
that almost any color which may have 
been present in the original object also 
appears in the finished picture. This is 
possible because red and green combined 
in different proportions by the process 
here used will give such desired colors. 



How a Steamer's Engine-Room Is Ventilated 



PHYSIOLOGIS'I'S have shown in re- 
cent years that the chief effect of 
ventilation and open air treatment de- 
pends on the movement, temperature 
and moisture of the air, and less upon its 
chemical properties than was expected. 
For this reason the cooling of overheated 
engine-rooms, underground orundcrdeck, 
is best obtained, as engineers have dis- 
covered, by flood- 
ing them with fresh 
air from outside 
under slight press- 
ure. This positive 
ventilation or a 
continuous change 
of air also removes 
all noxious gases 
and smells emanat- 
ing from iheoil and 
bilges. 

The accompany- 
ing drawing shows 
a transverse sec- 
tional view of the 
engine-room of the 
"Aquitania," with 
the recommended 
method for flood- 
ing the confined 
space with cool, 
fresh air under 
moderate pressure. 
The air is delivered 



into the engine-room by a large open fan 
placed at the junction of the lower ends 
of the air-shafts, so that the full volume 
of fresh air, equal in this instance to 
about one hundred and fifty thousand 
cubic feet per minute, is propelled into 
and properly distributed through the en- 
ginc-roomwithoutlossfromdeliveryducts. 
When desirable, the air tn the engine- 
room may be 
changed one hun- 
dred and twenty 
times an hour with- 
out uncomfortable 
drafts. The cool air 
is drawn, not forc- 
ed, down from the 
upper deck and 
delivered laterally 
by open fans placed 
low down in the 



space with air, the 
cooler incoming air 
falling towards the 
floor, displacing 
the heated air and 
expelling it up the 
main hatch. Many 
transatlantic linera 
have the ventilat- 
ing system iUu»> 
trated. 



Ten Millions to Save Four Miles 



IN the Canadian Rocky Mountains is a 
giant mass of rock, towering 8,540 
feet and known as Mount McDonald. 
It lies on the route of the Canadian 
Pacific Railway. Between Mount Mc- 
Donald on the right and Mount Tupper 
on the left, the road enters what is known 
as Rogers Pass. To reach the other side 
of the Rockies, the trains had to climb 
two long spiral loops. If they were to 
tunnel through the mountains the route 
would be shortened only about four 
miles, but the grades would be reduced, 
with the result that much time would 
be saved as well as wear and tear on 
rolling stock. Besides, the expense and 
danger of maintaining and operating 
four and one-half miles of snowsheds 
would also be eliminated. Considering 
these factors, as well as the amazing 
increase in traffic, an increase which 
involved double-tracking, it was decided 
to tunnel Mount McDonald. 

Two years were spent by engineers 
in seeking the most favorable location 
for a bore. A spot was discovered best 
suited for an undertaking in dvil en- 
gineering which compares favorably 
with the wonderful tunneling that has 
been done in the Swiss Alps. 

The Selkirk Tunnel, as it has been 
called, is of interest because of the 
unusual method employed in the boring. 
In all such work it is important that the 
excavated material shall be removed with 
the greatest facility ; that the work under 
way shall not be impeded; and that pro- 
vision shall be made for carrying high- 
pressure air pipes for the drills, water 
pipes and ventilating suction pipes. 
And so it was decided to dig two tunnels 
— one of them a "pioneer tunnel," in 
engineering (variance, the sole function 
of which is to provide an outlet for the 
excavated material. 

If you will study the pictures appearing 
on the next page, you will see at once how 
the pioneer tunnel fulfils its purpose. 
At the east end the pioneer tunnel was 
located fifty feet to the north of the 
center line of the main tunnel and at the 
west end, fifty feet to the south of it. 
First of all, an upper center ''heading'* 
was dug. In other words, a rather sh^- 



low channel was dug along the line of the 
main tunnel. After this center heading 
had been made, the work of digging out 
the main tunnel to its full dimensions 
proceeded. The material excavated was 
hauled to the pioneer tunnel, which 
runs parallel with the main tunnel, 
through cross-cuts, following the course 
shown by the arrows in the diagram 
on the following page. 

After being conveyed through the 
pioneer tunnel, it was carried back again 
to the main tunnel, but, of course, at a 
point far removed from the scene of 
operations. After that, it was hauled 
out on a trestle over standard-gage 
tracks through the main tunnel and 
dumped into regular railway cars. The 
excavation was, of course, all done by 
steam shovels of one and a half cubic 
capacity, which means that at a single 
scoop, a shovel would dig out about an 
ordinary wagonload of dirt and rock. 
The dirt cars were hauled to the mouth 
of the tunnel by standard-gage com- 
pressed-air locomotives. 

The tunnel, which is five miles long, 
lowers the summit of the line by five 
hundred and fifty- two feet. Its esti- 
mated cost is over ten million dollars. 

The tunnel is twenty-nine feet wide 
and twenty-three feet high and follows 
a straight line under Mount McDonald, 
emerging in the Beaver Valley beyond 
at a point about one thousand feet 
below the present railroad route. 

The eastern end is directly below 
Hermit, a station just east of Rogers 
Pass. The highest point reached in the 
tunnel is three thousand seven hundred 
and ninety-five feet below the summit of 
Mount McDonald peak. Up to the in- 
terior summit the passage through the 
tunnel has a grade of one per cent. The 
climb for the tunnel is made by the rail- * 
road on the most northerly station on 
its route. The tunnel route originally 
discovered by the engineers was six miles 
long, but this was gradually decreased to 
conform- to the five-mOe tunnel. The 
pass gets its name from Major A. B. 
Rogers, who penetrated the fastnesses 
of the Selkirks in 1861 and discovered 
this opening through the range. 
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Improving the Imperfect Hen 

Ingenious man, after considering the hen, 

reduces her to a mere egg-laying machine 

By Georee Worts 



JF occa^on^ air- 
saults upon the 
patent office by in- 
genious, inventive 
gentlemen from all 
parts of this ojun- 
try are to be taken 
seriously, Mother 
Nature made some 
silly mistakes when 
she devised and 
constructed the 
gailus domesticus, 
otherwise known 
. as the barnyard 
fowl. 

When Nature 
provided the hen 
with two legs, a 
head, feathers and 
a mysterious in- 
ternal mechanism 
which disgorges an 
egg on occasion, 
she left the poor 
thing with a woefully incomplete equip- 
ment for living the barnyard life. In 
view of Nature's negligence, brains 
mightier than the hen's now buzz 



A hen handle. With It, the fowl may 
be efTcctuaJly powdered. The wing-clip 
damps the membcra lecurely while 
the lennidde ii being applied liberally 



through the long 
days, conceiving 
apparatus, mecha- 
nisms and "devic- 
es" — mostly "de- 
vices" — for mak- 
ing the imperfect 
gailus domesticus 
live a blamelessly 
chaste and worth- 
while existence. 

If the learned 
opinions of poultry 
improvers could be 
combined into a 
barnyard creed 
which the hen 
could study at her 
leisure, and if it 
were printed legi- 
bly and tacked up 
conspicuously 
within and with- 
out the hen roost, 
then the hen might 
raise herself in the estimation of those 
who consider her imperfect. Why not, 
indeed? The suggestion is offered freely 
to the entire poultry universe. Why not 



An intpectim of the rootter'i beak will 
reveal the reason for hit apparent peni- 
tence. Inventive man has muzzled the 
rooster. The reason bdng that he (the 
rooster) occasjonally plucked beakfUls 
af feather* from the wins* of his wives 



The ghost-like figure of a hen seen Booring 
over the hen-houae mirrors the thought* 
and denrea of the hen in the foreground. 
Her wing is damped to her ride by 
mean* of • capable wire dip. She 
cannot fly: die can only dicAm c£^ %:4«^ 



Thehenat the left haa not been hamMsedwith the end in view of givina the children a ride. 
She has submitted to the intUgnity of a "letting preventer." When she attempt* b> 
dimb into a nest and settle down, the imagination of the reader can supply her sub- 
•equent astonishment and chagrin. Will the rooster at the right scratch up the new garden? 
Not after he trie* it with tliis leg attachment deugned to prevent just that pecfonnance 

which 



have ii creed, or a set of poultry com- 
mandments struck off from the press 
and distributed gratis, or at small cost, 
so that the galliis damesticus could 
memorize them, and cultivate her mind? 

Differences of 
opinion might 
arise regarding tht; 
necessary content 
of this creed; 1>ut 
after thoughtful 
examination of the 
available material 
secured from the 
Patent Office, the 
following resolu- 
tions which en- 
compass all the 
important points 
ha\'e been drawn 
up: 

"I will not set 
when my master 
denies me that pleasure; neillier will I 
fly maliciously out of the ronfines which 
ni- master has provided for me; I will 
render a correctly auflitcd account of the 
number of eggs laid by my humble self 
in the week; and all of these eggs shall 
bear my personal trademark; I will lie 
in a posture according to the will of my 
merciful master, awaiting sacrifice, mov- 
ing neither head nor tail feather; never 
will I scratch up the gardens which the 
Lord seemingly provideth not forme ; ever 
will 1 tread in the paths wired off for me, 
bringing forth the young of my species 
whenever it is demanded of me, and 
sitting uncompl;uningly upon glass 
fHfs, Joor-knoha and other objects. 




This rooster is not attending a poultry 
•chool, despite the evidence to the con- 
trary, which 'he goggles create. A thought- 
fu] inventor has simply provided him with 
a protection for his eyes. It can be seen 
that the rooster appreciate* thi* courtesy 
highly. Strangely, the lady hen to the 
left seems on the point of fainting at 
sight of her husband's odd ai^jeaiance 



master kindly provides for me. 
Yea, verily, I will walk in the cow-patlw 
of glory, looking neither to my 
j^ right nor to my left, nor winking 
1^\ any eye-lid, thus that my sacred 
name shall be saved 
from the unutter- 
able disgrace into 
which it has been 
dragged by my un- 
feathered sisters in 
the great, ungodly 
cities." 

One of the heart- 
iest laughs we have 
ever wrung from a 
joke-book was re- 
cently unearthed 
from what is oc- 
casionally the great- 
est of all joke-boolcs 
—the Patent Office 
Gazette. The joke in 
point had to dowith an enterprisingappa- 
raiusde\ised to prevent the hen ambitious 
tosetfrom realizing her ambitions. Itcom- 
prised a dozen eggs all of which were con- 
nected together by means of short lengtlis 




Chasing Butterflies for Money 

By J. McDimnough 



MORE or less pcritKlically a lurid 
account crops out in the news- 
papers to the effect that some 
millionaire, usuallv a member of the 
Rothschild family, has paid a fabulous 
sum for a butterfly- — a sum rang;ing any- 
where, according to the vividness of the 
reporter's imagination, from five hundred 
dollars to ten thousand dollars. The 
effect on the average reader is either to 
cause a sneer <if pity that anyone, even 
a millionaire, can be such a fool as to 
part with so much money for so frail 
and useless an object or else to create the 
impression that it is simply neci-ssar^' to 
go out on the front porch or into the 
bark yard with a hat or broom or make- 
shift net, knock down some unwary 
meml)er of the butterfly family which 
happens to stray within reach, impale it 
on a pin in u cardboard box and ship it 
post haste to the aforesaid millionaire 
in order to receive by return mail a sub- 
stantial check. 

These newspajKrr talcs seem to have a 
common origin in the fact that some 
twenty or thirty years ago an expedition 
to one of the islands of the Malay 
Archipelago was financed by a memlier 
of the Rothschild family. One tif the 
prime objects of this expedition was to 
secure specimens of a large butterfly of 
a pure black color of which only a sinf;Ie 
specimen was known at the time. In 
this the collectors were perfectlj' success- 
ful. Besides securing specimens of ihe 
species in question, however, the ex- 



pedition brought back a vast quantity 
of other material of great scientific 
value. The total expenses were dniiht- 
less considerable, probably- well alxiw ten 
thousand dollars; but it was not corie t ' t 
to assert, as it was asserted al the time, 
that this sum had been expended for a 
single butterfly. It was not spent e\-en for 
specimens of a single species of butterfly. 
The variety of butterflies is not as a 
rule due to the fact that there is actually 
a great scarcity of certain species in 
Nature. ))ut rather because these spcries 
frequent inacces.sible regions or countries. 
Those brilliant metallic blue butterflies 
of South America, the giant Morphos, 
generally fly in the tree to[>s of almost 
impenetrable jungles, making their rap- 
ture on the wing very difficult and almoM 
iiii|K>ssible ; t(Klay, however, collertnn 
armed with field-gl.i>ses search certain 
trees for the caterpillars which can often 
be secured in gocxl numbers without any 
more difficulty, after ihey arc once 
located, than that of climbing the tree 
and cutting off the twig on which the 
caterpillar rests. H\ <-onhning llwiie 
larvae in jars ir ca^es with a siiflincnt 
siipi»ly of the f<»><l plant ihey underKU 
their Iransformation just as well as cir 
even In-tter than In a natural state. In 
due ccnirsc of time the butterfly empires 
and is thus secured in much more perfect 
condition than if it had lieen caught oo 
the wing. As a conse<iuencf of the 
increased suppK' the price of these 
species has dropped tremendously durif^ 



some of their native converts. Throup;h 
their agency large numbers of speoes 
which formerly were of extreme rarity 
or even unknown to science have been 
obtained. 

Another region which furnishes iiumer- 
ous interesting and highly prized but- 
terflies is the high mountain ranges 
of Central Asia, the Panier Range and 
the Thian Shan Mountains. Formerly 
species from these localities were scarcely 
known outside of Russian collections, but 
about eight years ago they began to ap- 
pear on the market in enormous quanti- 
ties. A Russian who had been com- 
missioned by the Hagenbecks of Ham- 
burg to secure live specimens of the 
snow leopard occupied his spare moments 
and those of his men in the early morning 
hours by picking the half-frozen butter- 
flies off the flower heads on which they 
had rested over night. To judge by 
the quantities he secured by this method 
the region must have been a veritable 
Eldorsulo for the butterfly collector. 
As a result of his activities several 
species which formerly commanded a 
price of from ten dollars to twenty dol- 
lars a specimen became an absolute 
drug on the market and were almost 
given away. 

Two Hundred Dollars for a Glittering 

Butterfly 

Of course there still remain some rare 
exotic butterflies for which possibly a 
wealthy collector might be willing to pay 
from one hundred dollars to two hundred 
dollars a specimen, but such species can 
almost be counted on one's ten fingers; 
and it is safe to say that within the next 
fifty years even the price of these will be 
considerably reduced, for as soon as col- 
lectors become acquainted with their 
habits and haunts and succeed in 
breeding them the supply will at once 
increase. 

In our own country, where half the 
indigenous species of butterflies known to 
science have been described within the 
last sixty years, there is probably no 
species for which more than fi\^ dollars a 
specimen would be paid, and the ma- 
jority of species could be purchased for 
less than one-tenth of this sum; the 
rarest ones are those frequenting the 
desert regions of the Southwest and the 



great barren lands of the Far North. 
The inaccessibility of these regions is 
again the cause of the rarity, for the very 
fact that they have remained unmolested 
in their haunts by man and his dviliza- 
tion is proof enough that at certain 
seasons they should be found in large 
numbers. 

In this connection, and as an illustra- 
tion of the contention, the following story 
is told at the expense of one of the best 
known private collectors in the country. 
In the early eighties a collector brought 
back with him from Arizona two or three 
specimens of a new species of butterfly 
which he had obtained at considerable 
risk to life and limb by climbing some 
precipitous crags around which they 
were flying and hanging there by toes 
and finger nails until an unwary insect 
came within striking distance of his net. 
For years no further specimens could be 
obtained and finally, after making an 
unsuccessful trip to Arizona in search of 
the species our collector let it be known 
throughout the district that he would 
pay two dollars a specimen for all caught 
and brought to him. Imagine both his 
delight and consternation when a native 
son arrived one fine morning with over 
one hundred specimens of the long sought 
species which he had captured with the 
greatest ease congregated around a moist 
spot on the ground in some remote 
canyon. It is said the collector kept his 
word and purchased the specimens, but 
needless to say the offer no longer holds 
good. 

When one considers that the number 
of private individuals willing and able 
to purchase specimens is very small and 
that further there are seldom any repeat 
orders after a small series of specimens 
has once been obtained, it stands to 
reason that as a commercial enterprise 
butterfly collecting is less attractive than 
selling clocks. On the other hand as a 
delightful means of spending one's spare 
moments it cannot be too highly recom- 
mended; the eye is trained to observe, 
the body is invigorated in the chase, the 
brain cleared of cobwebs by the fresh, 
pure, country air, and finally there is 
always the possibility of securing a 
little extra pocket money by the discmsal 
of rare species whicK otis^ Va& «ass:«R^R^ 
in tunmtii^ to «ax>3ci. 



\s^ 



MARVELS OF AERIAL 
NAVIGATION 



What's Wrong with Big Aeroplanes 



A novel feature of the first huge American land aeroplane is the u«e of bi|rianes for ailerons. 



Thi> fumighes stronger i 

WHEN Ciiiii^ built till,- ■■Aiiivric.. ' 
tor an intended flight acros:^ the 
Atlantic, he was compelled to 
design J big machine. The radius of 
action could be extended only by pro- " 
viding for much fuel. Fuel became the 
miKit important freight of the bisjger 
machine. Increase of size will not in it- 
self m:iterially increase the radius of 
action. 

For the reason given, the sl/e of the 
".Americas" and "Super- Americas" is not 
only such that the radius of action is 
practically extended across the Atlantic. 
l»ut a somewhat greater load can be car- 
ried. The Allies' lack of fast dirif;ililcs 
made them eager hiilders for the "Anier- 
icas." But the difficulties encountered 
in increasing the aeroplane's siw must 
not be tightly dismissed. Accidents now 
teach their lessons quickly. The first, a 
vcrj' dramatic ore, hapjieiied in this 
rountrj- when on May 1 1 last, a "Super- 
.-Vmerica" for piis.*y;iiger service l)etwcen 
\Vashington and Newport News sudden- 
ly turned over into the Potomac, after 
l>erfomiing some somersaults, wrecking 
itself, killing two and injuring three 
pas.'iengers. Similar accidents had oc- 
curred in Kurope, but they were hushed 
lip f'T military reasons. So riijid and 



e of great head r 
^irong was tlie l,ir;.;e machine that axes 
could not break ilirough in the effort to 
get at the victims below the floating 
wreckage. Yet, a big machine is weaker 
for its weight than a smaller machine. 
Very large sailing vessels must be square- 
rigged, and many small sails must be 
employed. Aeroplane dreadnoughts 
ought to be multiplanes on the samt- 
principlc. This becomes imperative if 
the fact is considered that aeroplanes 
were for many years nolhing Ix^tter than 
de.ith-traps, ready to break in midair 
anti that it was exceedingly difficult to 
strengihi-n even the smaller types with- 
out making them ttx) heavy. Landing 
on hard ground is particularly difficult. 
It means literally a collision with the 
earth. Huge (lying Ixjats are better off, 
iheir kinding jilacts are abundant and 
always level and wondrously soft. 

But, after the recent accident one feds 
like asking: Isn't the ".America" asome- 
•what mistaken construction? May suc- 
cess be expected merely by enlarging a 
successful small model? 

A mammoth steamer may get along 
with proportionately the same size m 
rudder as a smaller one because it mat- 
ters little if it takes it many times 
linger to complete .1 l.irri. But in 
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aeroplane was at the time a distinct ad- 
vance over anything previously built. 
Under war conditions this machine 
proved so successful that Glen H. Cur- 
tiss is now building them at the rate of 
one every day. 

The Canada, a land machine, was 
the next aeroplane of note designed by 
Curtiss. Machines of this type are all 
manufactured in a Canadian factory, and 
the plans are sedulously kept from the 
public. Reports from Canada indicate 
that these aeroplanes have an eighty- 
foot wing span, and are able to carry 
two guns and one ton of explosives. 
Trial flights made at the testing grounds 
have resulted in speeds but little under 
one hundred miles an hour, since the ma- 
chine is equipped with two motors of 
great power. 

The newest designs of Curtiss call for 
a triplane, ivith a wing span of one hun- 
dred and thirty-three feet This great 
flying boat weighs, fully equipped, near- 
ly eleven tons. When on the water it is 
driven by a propeller similar to those 
used on large motor boats, but when it 
is to be lifted into the air, the great 
power of its two heavy en|^nes is trans- 
mitted directly to the aenal propellers, 
and the huge machine rises hke a sea- 
gull. A crew of several men is sheltered 
by an ample cabin, and a number of 
guns project from the sides of the com- 
partments. The speed of this craft is 
probably high, and its cruising radius. 



when fully loaded, should be about six 
hundred and seventy-five miles. 

European War-planes of Huge 
Dimensions 

From the haze of the European war 
fronts come reports of aeroplanes which 
transport Unheard-of weights for many 
hours, and which carry large crews to 
operate machine guns and cannon, bat 
the censors have been remarkably suc- 
cessful in suppressing all definite news 
of these marvels. 

Before the outbreak of war the Sikor- 
sky biplane, a Russian machine of great 
size, had startled the world by making 
successful flights with seventeen passen- 
gers. Luxurious accommodations were 
provided for the guests, and meals were 
served in the air. This machine, while 
propelled by four Salmson motors of 
five hundred horsepower each, had the 
great disadvantage in war times of being 
slow, since it could fly but little more 
than fifty miles an hour. Little has been 
heard of this aeroplane since it was con- 
verted into a battle-plane, but it is cer- 
tain that numerous machines of similar 
size and design have been added to the 
Russian aerial fleet, and that the speed 
has undoubtedly been greatly increased. 
The luxurious passenger compartments 
have been remade into cabins for gun- 
ners and bomb droppers, and gun 
mounts now take the places once oc- 
cupied by comfortable chairs and dining 
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At the pre- 
sen t time, 
arrnnaiitical de- 
signers in America 
ave been hampered 
the fact that there 
a <)ependable a\'ia- 
tor manufactured in 
ntry to-day. In 
tiirope mere has lieen a great 
advance in the manufacture of 
jf-runautical motors, chiefly because 
nL'veral automobile manufacturers turned 
their attention to this phase of the motor 
industry. Firms with intematiunal rep- 
utations for motor designing, such as the 
Slcrccdos in (lermany, the Renault in 
France ami the Suntwam in Great 
Britain, have designed aeronautical mo- 
tors which are giving the greatest satis- 
faction under the most difficult war con- 
ditions. 



motor of to-day, the most formidable 
obstacle in the path of aviation will have 
been o^-ercome. 

If the war has accomplished no other 
useful end, it has advanced ihe progres.'i 
of aviation many years. In the United 
States, without the spur of military and 
naval aeronautics, aviation was regarded 
as a profession from circus performers, 
whose main duty was to "loop the loop," 
and provide thrills for the crowds. 
Now, with aircraft manufacturers turn- 
ing out aeroplanes at the rate of sixteen 
a day, the public is beginning to realize 
that it is a remarkably healthy infant 
industry, closely rivaling the unpre- 
cedented growth of the automobile 
indusirj- in its early stages. One of the 
foremost aeronautical experts in the 
countrv- recently said to the writer: 

"Within one year after the signing of 
peace between the I'lir. [ i •■ u- ■« irs. the 



slijw spcrd — a fault which hai probably been remedied by now. The huge me of thi* aerial 

craft is shown by comparison with the men atandina betide it. Remember thit there are 

some aeroplanes now flying which ar« even larger than the oi 

or no previous exiwriencc in motor de- 
signing. The Packard Company has de- 
signed a promising twelve-cylinder avia- 
tion motor, and the Simplex Automobile 
Company is equipping the rejuvenated 
Wright Aeroplane with a well-designed 
and carefully built motor, which in its 
first tests has justified the hopes placed 
in it by its designers. 

When automobile manufacturers co- 
operate with aeroplane builders and suc- 
ceed in developing an aeronautical motor 
which is as dependable as the automobile 



first aeroplane will make a successful 
flight across Ihe .'\tlantic Ocean. Very 
soon aeroplanes will be carrj'ing our mails 
to inaccessible spots. Shortly after this 
will come the carrj'ing of passengers on 
a schedule as regular as that of our 
Twentieth Century Limited. Manyofus 
will live to see the aerial expresses with 
many planes, multiple engines, and an 
enormous carrying capacity, which will 
take us to San Francisco or even to Lon- 
don and Paris as easily as we can now 
ride to Kansas City." 



attained by the aeroplane that has its 
propeller in front of a boat-body. 
Thanks to the tractor-screw the biplane 
has developed as much speed as the 
monoplane. 1 1 is even preferred , since its 
greater surface gives more lift in emer- 
gencies. Unobstructed vision in front is 
often so desirable that the propeller is 
sometimes placed behind the surfaces 
and the boat-body shortened, in spite 
of the increased head-resistance and 
decreased strength of the design with 
the rudders carried by poles. A beautiful 
solution of the problem of free vision is 
obtained in large passenger-carrying 
machines, Avith the long bodies of which 
rudders are integrally combined, two 
tractor-screws and two separate motors 
being mounted on both sides of the main 
body. It is then essential to enclose the 
motors in separate bodies. In the big 
German battleplanes, the motor bodies 
are long and carry the rudders. Even 
such designs waste a certain amount of 
power, because a catamaran has always 
less speed than a single boat. But 
multiple bodies and division of load 
across the span of the planes is the only 
method by which large aeroplanes are 
enabled to carry many passengers and 
to exhibit that strength which it has 
taxed all the ingenuity of the scientific 
engineer to obtain even in the smaller 

machine. 

i« 

Has the Big Aeroplane Come 
to Stay? 

Mammoth aeroplanes are at present a 
spectacular development, especially in 
America. But it would be premature to 
include them in a seriously critical 
review of the aeroplane of to-day. In 
the main, they have not yet justified 
themselves, although some of the big 
water machines of Curtiss, are said to be 
in frequent use. But there are no 
accounts of their performances under 
very critical air conditions, when their 
relative lack of strength would be a very 
serious matter, judging from the ex- 
periences of similar smaller machines. 
What recommended them is not economy 
of performance (because they carry 
relatively less per square foot of surface 
than smaller water machines) but the 
improved facilities offered for navigation, 
comfort for long trips, and the advantage 



that one pilot can transport many 
passengers. They are also requiredt 
whenever a great radius of action is 
demanded, which can be obtained with 
aeroplanes only by cutting down tlMS 
passenger list and carrying more fud 
instead. In a small machine, this would 
mean amputating the alighting gear. 

The difficulty of starting and sSighting 
with a mammoth plane is serious. The 
impact of the heavy mass is too much 
for its strength, especially for the landing 
wheels, which have to be made very 
bulky and clumsy, consequently wasting 
power in air -resistance. Transformed 
into a flying boat the mammoth machine 
becomes more practical, because the hull 
partakes of all the naval advantages 
that follow with increased size. Strains 
to which they are subject from gusts 
must be formidable. But no technical 
accounts of their behavior in the air have 
been published. 

Air-fighting is fully as romantic 
as ever were the deeds of Homer's 
heroes or Cooper's Indians; for this is 
the day of personal prowess in air-fight- 
ing. We need not dwell solely on the 
exploits of such German supermen as 
Immelmann and Boelke (each widi 
a record of at least fifteen victories). 
Neither superiority of numbers nor of 
machines cuts much of a figure if it is 
matched against a certain mysterious 
personal equation, which cannot as yet 
be completely analyzed. It may be 
safe to say that rapid, masterful marks- 
manship plays in it no small part. It 
would be indeed a rare coincidence if 
this ability were likewise found combined 
with exceptional talents (like P^goud's) 
for managing an aeroplane. If that be 
the case it is obvious that a fighter and 
flyer in one person must be more formid- 
able than the co-operation of a mere 
flyer and a mere fighter. We need only 
imagine two cavalrymen on the same 
horse (assuming that they could be 
accommodated together as perfectly as 
two flyers on a machine) of whom one 
wields only the lance and the other 
manipulates the bridle. How should 
they communicate their respective inten- 
tions in fractions of a second? 

But this holds good only in regard to 
small powerful racing machines whidi 
fight wasD-like at close range. 
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Torpedoing a Submarine from an 
Aeroplane 



BECAUSE an airman flying above the 
water can sight an underwater craft 
and detect its approximate depth 
with the naked eye, inventors have de- 
vised a number of bomb-dropping con- 
trivances in an endeavor to make the 
most of this strategic advantage and 
place the submarine at the mercy of the 
aeroplane. One of the most recent of 
these devices is an aerial torpedo or 
Ixtmb containing high explosive which 
when dropped from the aeroplane makes 
a rapid and straight descent beneath the 
water and explodes at the proper depth 
and proximity to wreck a submarine. 

The bomb consists of a shell filled 
with high explosive and into its closed 
end is fixed a detonator which consists 
of a tube containing a layer of metallic 
sodium, a layer of gun cotton and a 
layer of ordinary fulminate. Attached 
to the shell is a parachute, which is 
nothing but a dished circular plate. 
This acts as a guide in the descent of the 
bomb from the aeroplane to the water 
and also regulates the speed of the bomb 
once it is under water, allowing it to 
sink slowly. 

The cover of the bomb as well as the 
cap of the detonator- tube are perforated. 
When the bomb has sunk to a certain 
distance, water Rowing in through these 
perforations ignites the sodium (a prop- 
erty of sodium), which fires the gun 
cotton, which discharge? the fulminate, 
which sets of? the bomb. These different 
stages leading up to the actual explosion 
occur nearly simultaneously, but should 
they fail — that is, should the unforeseen 
happen and the sodium not ignite, an 
elei-trical igniting mechanism is provided 
whii.'h will discharge the fulminate. 



Within the shell there is a dry battery 
connected to a contact point and to one 
end of a platinum glow wire embedded 
in the fulminate. The other end of the 
glow wire is connected to an insujating 
lever carrying a contact point. This 
lever member is a closed hollow tube 
containing a little mercury, which, flow- 
ing to the lower end, tends to keep the 
lever down. A tube in the perforated 
cover contains a bucket filled with a dry 
sponge. 

When once the bomb has struck the 
water and the sponge has suflidently 
absorbed it, its wei^t bearing on the 
end of the lever member raises this lever 
into contact with the terminal, thus 
completing the circuit and discharging 
the fulminate. 

There are several very obvious objec- 
tions to a bomb of the type described. 
It is very difficult to hit an object on 
the ground when the aeroplane is very 
high. Indeed, no satisfactory instru- 
ment has thus far been invented to drop 
bombs from great heights with anything 
like the precision that marks the firing 
of projectiles from great guns. If the 
aeroplane is to destroy a submarine in 
the manner proposed, the bomb-dropper 
must l>e very near its target — so near 
that it would itself be in danger from 
gun fire. 

Some of the difficulties of dropping 
bombs accurately spring from the fact 
that an aeroplane moves through the 
air at a rate of at least forty-five miles an 
hour. Allowance must be made not 
only for that forward movement, but 
also for the movement of the submarine 
as well as for the wind. A tut <trau.U. 
therefore he aV-roiwiX a. TOs»x\sa <A.\>aj3*- 



MARVELS OF 
MOTION PICTURES 



of the cartoons, a task greatly simplified 
by Mr. Bray's use of tracing paper. The 
artist merely places a piece of paper 
upon the last drawing, so that the posi- 
tion last taken by the ^gures shows clear- 
ly through the paper. Thus he is able t" 
draw in the next position ciirefully am] 
easily. 

Mr. Bray supervises |>crsonally every 
Stage of the work. He originates the 
plot and makes from six tn a dozen 
sketches of the vital points of the stor>'. 
Then the real work commences. While 
the cartoonists do most of the sketching. 
Mr. Bray draws practically everj' move- 
ment. If a man, for instance, who has 
been motionless for some time, is re- 
quired to raise his arm. the staff cartoon- 
ists draw the figure, but Mr. Bray draws 
the arm in the act of moving. When 
the sketches have been made, they are 
turned over to the staff of assistant art- 
lists who complete them, drawing thcni 
in ink and filling in the color. 

To reduce the effect caused by the 
projection of much white light on the 
screen, Mr. Bray has invented and pat- 
ented a process for making a uniform 
background. By this method one paint- 
ing of the background suffices for the 
entire reel. 

When the set of cartoons is com- 
pleted four expert cameramen photo- 
graph them to obtain the negative film. 
An important feature of Mr. Bray's in- 
vention consists of a method for con- 
trolling the speed of action in the pic- 
ture. This is done by varying the num- 
ber of photographs taken of each car- 
toon. For instance, if the scene demands 
that an object shall move rapidly, then 
slowly, and finally come to a stop for a 
moment, the pictures representing the 
quick action would each be given one 
exposure. As the movement of the ob- 
ject diminishes in rapidity, each pic- 
ture is given a correspondingly increas- 
ing number of exposures. UTien the 
action comes to a stop numerous pho- 
tographs are taken of the same pic- 
tu'«, the number being dependent upon 
the length of time that the action is sus- 
pended. 
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I>ital, was being filmed. Six times at least 
Miss Allen, at high dramatic pitch, went 
through the rehearsal before the camera 
crank was turned. Although the flash 
would consume at the most thirtj- seconds 
on the screen, the time required for per- 
fecting it amounted to at least three or 
four hmirs. 

Trolkyi For LitHing 

"The White Sister" was produced iii 
one of the largest artificially lighted 
studios in America. The method of light- 
ing is as interesting as it is efficient. 
Long roivs of mercury -vapor arc lamps 
arc susijcnded from the ceiling on trol- 
leys, so that their light can be thrown 
iipon a scene by merely pulling long 
conls which nm o\er pulleys and down 
the side walls. The lights'receive elec- 
tric current through trolley wheels from 
copper trolley wires above them, just as 



The faces of the leading characters are 
intensified, and attention thus drawn to 
them by the concentrated rays of flaming 
arc lamps. Precautions are taken that a 
pla}'er does not face these lamps any 
longer than is absolutely necessary ; they 
are almost blinding in brilliancy. Once 
an actor was compelled to stare for a' 
certain dramatic e^ect directly across a 
set of these lights into the face of the 
"villain." He stared too long, and lost 
the use of his eyes for se\eral days. 

Not every tj-pe of actor is fitted for the 
"mo\ies," A girl may be pretty, a man 
handsome, yet their features may be of a 
type utterly unfitted for camera drama, 
A long or a broad face becomes gro- 
tesquely exaggerated. The eyes may be 
too dull — effective "movie" eyes are usu- 
ally large and brilliant. Then, too,, the 
complexion is vitally important. Exces- 
sive pallor is grewsomely intensified 
when it is filmed. High color in patches 
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a street car derives its energy from the on the skin appears a deathly black on 

wire overhead. the screen — and often no amount of 

All^ scenes are illiunimted by the paint and powder will conceal the defect; 

greenish light from the long glass tubes, mercury light seems to penetiste (UsmiSc) 



ings and fences within twenty feet of this 
sand pile, a camera fitted with an ex- 
tremely narrow-an^le lens is employed 
for taking desert pictures. A horseman 
appears in the film as solitary as if he 
were in the heart of Sahara. 

There are some pictures that cannot 
be "faked," however. Occasionally a 
scenario is written in which ocean or 
mountain backgrounds or races of vari- 
ous sorts fi|^re prominently. Such 
films are carried in stock in large quan- 
tities. E. H. Calvin, a director and act- 
or, travels about the country taking 
"stock" pictures for this purpose. Re- 
cently he took motion pictures of the 
Derby Race at Lexington. The film may 
not be used for months, but it will lie 
on the shelves in the stockroom until a 
play is produced in which horse racing 
is the background. Bits of the Derby 
race will be inserted as the plot is de- 
veloped. 

RealHy io Secure RealUy 

On the northwest side of Chicago, 
fifteen or twenty minutes by the elevated 
from the Essanay plant, is the blockful 
of studios and factories occupied by the 
Selig Company. 

C^ly one studio was in conmiission 
when I visited the plant, the others serv- 
ing temporarily as garages and store- 
rooms. "The House of a Thousand 
Candles" was being produced in a large 
glass-covered room. The librarj' scene, 
which is the center of interest of the 
story, had just come from the skillful 
hands of the carpenter. It is worth 
comment. In the nrst place it was real- 
istic enough to be truly homelike. The 
walls were not the patently artificial type 
usually found in a moving picture stu- 
dio; they were substantial, and their 
color was soft. A generous library of 
real books lined both sides of the room. 
At the end was a fireplace with a genu- 
ine fire log, and before it a comfortable 
leather armchair. 

Those who are familiar with Meredith 
Nicholson's "The House of a Thousand 
Candles" will recall the secret panels of 
the fireplace, through which John Glen- 
arm, the old house owner, supposedly 
dead, made nocturnal visits. I 



searched for the panels in the fireplace 
of Selig^s "House of. a Thousand Can- 
dles" U)r ten minutes before I foimd 
them — so perfect was the matching of 
the boards. 

How Adon Are SeledeJ AccorJint to Type 



The ingenuity and the care exhibited 
in the construction of the panels and, in- 
deed, the rest of the sceiiic structure, is 
but part of the Selig system. A year 
ago, in the Selig's I^s Angeles studio, 
I was shown a card index system for 
filing the names of applicants. The ac- 
tors were classified not by name but by 
t}T)e. John Jones was pot John Jones 
at all: he was merely one of a large 
number of nonentities listed on cards 
under the index "English Butler." There 
were several thousand cards in the file 
together with the telephone numbers of 
the applicants. If a society matron is 
wanted, the director consults the file, se- 
lects one of the cards under the index 
"Society Matron," and requests the ap- 
plicant to call ufx)n him. 

In the wardrobe room at Chicago I 
saw a similar example of this remark 
able methodization. There were hun- 
dreds of lockers and drawers arranged 
in tiers and rows about the room. All 
were numbered and indexed. If one of 
the directors wants fifty complete uni* 
forms for a Civil War play, or tvi-ent}'- 
five Louis the Sixteenth costumes for a 
story of the French Revolution, he states 
his wants to the woman in charge of the 
wardrobe, and the uniforms or costumes 
are ready in an hour if need be. 



Ckxmpodiiff Muiio with the Aid of a 
Wax Phonograph Baoord 

Of great aid to music composers is the 
invention of a Swedish inventor. Con- 
necting with the keyboard of a piano or 
organ is an electric device which tran- 
scribes music as it is composed on a wax 
ribbon, from which it may be copied. 
Improvisations are then recorded. The 
idea is not altop^ether new. Such an in- 
strument, the mvention of a Viennese, 
has lo«ig been installed in the ^ ^ 
Technical MuseaeRL ^V W^oaboidBu 



»^ 



the da^. There was enough accuracy in 
his arithmetic to get the crossing but 
he left part of the rear mudgard aboard 
the cowcatcher. The engineer, who was 
Ihe only extemporaneous actor in the 
e\ent, took a week off at the picture com- 
l>anj's expense to recover from the shock. 
Not so long ago Anita King, in "The 
Race" went off the end of a broken 
bridge and twenty feet out into the 
water, while an officer was waiting in the 

Ho)l}ivood studio 

to ierve an injunc- 
tion upon her to 

restrain her from 

carrying out the 

perfcnnani-e. Some 

one wht> had re- 
ceived a tip of what 

was to happen and 

who feared for the 

actress's safety had 

made a strenuous 

effort to prevent 

the hazardous leap. 
Elmer Thompson 

has just jumped 

his car across a 

tiven ty- jcven-foot 

gap in a bridge out 

in Camarillo, Cali- 
fornia, in the taking 

of a scene for "The 

IrriTct Submarine." 

The car lighted on 

the forward wheels 

with the rear ones 

elcvined like the 

hind legs of a 

bucking brnncho. 

It was touch and 

go whether the 

machine would 

somers<iult or right 

itself. It happened 

to do the latter. 

In "The Trail of Danner." Helen 

<.iil)M>n is swung by the derrick of a 

rapidly moving wrecking train, from the 

saddle of a horse, to the deck of one of 

the cars. 

This combination of cameraman, cut- 
ter and realistic actor is responsible for 

more thrills on the screen than can be 

found in any three-ring circus, outside 
>f the posters. The life of a moving- 
'H'lu/v actor is a series of thrills. 



A Camera Whidi Can Be Tilted 
At Any Angle 

IN photographing natural history ob- 
jects such as skulls, mounted fossils, 
etc., it is often necessary to take a \-iew 
of the specimen as seen from above. In 
most cases the object can be taken off 
its stand and placed against a \'ertical 
screen with the side to be photc^raphed 
toward the camera. Sometimes, how- 
ever, the object is so delicate that one 
dare not turn it 
from its upright 
position, or it is 
too valuable to riafc 
handling, or it may 
be altogether too 
large to do ao, aa 
for instance in the 
case of a dinoaattr 
skull we^hii^ a 
quarter of a t<Mi or 
a com pie tely 
mounted fossil 
animal. 

For stich cases, 

there . is in use by 

Mr.A. E.Anderson, 

photographer to 

the Department erf 

V'ertebrate Paleon- 

tology of the 

American Museum 

of Natural History 

in New York, a 

camera of his onn 

design, which can 

be tilted at any 

angle, or, in fact, 

turned upside 

down, as shown in 

the illustration. 

The camera has a 

ground glass eleven 

I wai invented by fourteen inches 

and is provided 

with an unusually long bellows. The 

stand supporting it is so constructed 

that the camera when turned upside 

down can project a considerable distance 

beyond the vertical axis on which it 

ordinarily rests. 

With the aid of this camera, Mr. An- 
derson has found it possible to photograpli 
anything which presented itself, whetbet 
it was too heavy to be lifted or too deli-. 
cate to be mo%'ed. 



Sometime* a foanl tkull weiihi a quar- 
ter of a ton; it cannot be lifted to tx 
photographed. That is one reaton 
why this camera Wal invented 



MARVELvS OF 
MODERN CRIMINOLOGY 



f>l ;i prison scntcnro. When thcj- arc 
(IJM-hiirKifl tlK'\- arc likcl>- lo repeat the 
ofTciisc at llic earliest jxissiblc momcnl, 
jmd society is cumiielli-tl to foot the bills 
for their (nKjuent trials and commit- 
iiK-nts. 

When [*(>lict Commissioner Woods bc- 
i-ame talisliod that 
a perrfniagr of 
mmiiials should Itc 
dealt with as 
[isychopathir^ pa- 
lienls rallitT than 
as normal men who 
haw chosen lo com- 
mit crime, he deter- 
mined to test this 
idea. So it was 
that aficr a certain 
amount of experi- 
mental observation 
Ihc Psychopathit 
I,alx)rator>- at Po- 
lice Headquarter?' 
came into being. 

Before I lie latwiratory was tin<illy es- 
tablished we (k'Noted forty-nine days to 
nlwervalions. Kach day the prisoners 
at headfiuartcrs are "lined up" so thai 
the deiectivcs may recognize any familiar 
faces. At these daily "line-ui>s" we 
picked out men wlio appeared to be suf- 
'■'■v-^ ferinti from some men- 

t.'. S /-^ lal defect and gave 
them a thorough men- 
tal and physical exam- 
ination. 

During this experi- 
mental period , four hun- 
dred and nine prisoners 
were observed. Of this 
numlKT. fourteen were 
foun<] to Ix- feeble- 
takes time to mJnrliMl.oneinsane.two 
punk out what consiiiutional inferiors, 
» milting ^^(j ()r^,g iiabiiucs, one 

hopelessly immoral, one an alcoholic. 
Only eight were normal. Out of the 
iweniy-nine selected for examination, 
twent>-one were found to be defective 
mentally. Seven per cent of those ap- 
l>earing at the line-up were examined 
and fi\-c per cent were found to be ab- 
normal. 

The a\-erage number of daily arrests 
fluring the period of our pretiminao' ob- 
sen'atioR was six hundred and twenty- 



three and the total number of arrests was 
thirty thousand, five hundred and thirty. 
We feel assured that ot>servaiions ex- 
tending over forty-nine days arc suffi- 
ciently comprehensi\'c to warrant us in 
assuming that what we found in<licates a 
condition which exists the year around. 
And as six hunflrcd 
anil Iwcntj-three is 
the average numlK-r 
of arrests which take 
place every day ami 
five per cent of 
those arrested are 
abnormal, thirty- 
one persons who are 
unbalanced mental- 
ly arc locked up e\e- 
ry da>. These pris- 
oners suffer from all 
sorts of mental ills 
ranging from dan- 
gerous forms of in- 
sanity to the pitiful 
condition of a grown 
iin rieveiMpm^-ni ol a 



The block* muft be placed in their proper 

opening* — ea*y for ycsi. but difficult for a 

. defective 




ni.in wiih 
child. 

Criminals of this type cannot I* im- 
|)roved through the ordinary corrective 
methods. They serve their sentences 
and return to so- 
ciety only to re- 
peat the offense 
and pass again 
through the Po- 
lice Department, 
(he courts, the 
District-Attor- 
nc}'"s offices back 
to prison from 
which t h c >■ 
emerge each time 
more dangerous. 
Thir- means that 
ihey not only con- 
stitute a constant 



A dcTective finds 
it difficult to trace 
the coune of this 
maze with a pencil 



but ure a needless ex- 
pense as well. Their constant reappear- 
ance in the courts soon mounts up to a 
ver\- considerable sum. Also, it goes 
without saying, prison treatment is far 
from humane in the case of such per- 
sons. Where their difficulty is one 
which may be cured, they require hos- 
pital treatment and where it is incurable 
they should be committed to an institu- 
tion whereio they womSA. Vr. ■^'»*k^«^ 



The Electric Thief-Catcher 



It rings a bell, takes a photograph of a burgjar, 
and shoots him as soon as it sees his flashlight 

By B. F. Miessner 



/iLTHOUGH this apparatus accom- 
AA plishes some startling results, the 
idea of selenium-actuated burglar 
alarms is not altogether new. M. Dafah, 
a French engineer at J ansae, suggested 
the use of selenium for this purpose 
several years ago; others have worked 
along similar lines. 

It may be mentioned here that no 
attempt has been made to obtain 
patents on this apparatus; its use is 
unrestricted, and any one with the 
inclination may copy this arrangement 
for his own use or pleasure. 

But what is this Electric Thief- 
Catcher? How can any machine or 
electro-mechanical contrivance catch a 
thief? 

In the first place it does not catch 
him, if by catch is meant to pursue and 
seize, and perhaps to march him to the 
patrol wagon or police station. If by 
catching is meant to trap, then we may 
safely say that it does exactly that, and 
it can be made to do it as effectively as 
you please. The writer very narrowly 
escaped being quite effectively caught, 
when on one occasion this apparatus 
sent a thirty-two caliber bullet through 
his coat-sleeve! 

By "as eflfectively as you please" is 
meant that the **catching" can be varied 
all the way from merely sending in an 
alarm, to frightening the intruder away, 
or actually shooting him dead. 

All that is required of the burglar is 
that he possess a light of some kind, if 
it be only a match or a pocket flash- 
light, and that its rays fall upon the 
acute and ever wakeful eye of this 
hidden apparatus. 

This electrical eve is a selenium cell 
such as is shown in one of the accom- 
panying illustrations. All that it can do 
is to record its impressions by sending 
an impulse to the electro-mechanical 
brain of the apparatus, when stimulated 
by a light. That impulse is a surge of 
electric current when the resistance of 



the cell drops, due to the eflect of the 
light. The cause of this curious effect 
is not yet understood but is being in- 
vestigated by several men, among whom 
is Professor F. C. Brown, of the Iowa 
State University. 

The brain is a sensitive relay, prefer- 
ably one such as is used in the Electric 
Dog, which was described in the March 
number of Popular Science Monthly. 
This brain has the f>ower to stimulate 
any one or any number of a great variet>' 
of electro-mechanical muscles, and to 
produce a corresponding variety of 
actions. In the writer's apparatus one 
of these was an electric gong, the 
burglar alarm; another an ordinary 
revolver whose trigger was pulled by an 
electromagnet; a third was a camera 
whose shutter was opened by a cord 
attached to the same electromagnet; 
a fourth, a charge of flashlight powder, 
which was set off by the heating of a 
short piece of fine resistance wire; and 
on one occasion a fifth was a phono- 
graph with a specially prepared record, 
which, without a doubt would frighten 
out of his wits the boldest, thief who 
heard its weird and uncanny w^aming. 

Here, then, we have an electro- 
mechanical creature, which, hidden from 
all view, and with no human agency, will 
fire a revoher, send in an alarm, set off 
a charge of flash powder, and take the 
photograph of an\' marauder who prowls 
about with a light. 

During the course of a lecture before 
the Chicago Electric Club and the 
National Electric Light Association, the 
author in the guise of the burglar 
stepped up to the platform in the 
darkened lecture hall, flashlight in hand; 
the instant the light fell upon the eye, 
the revolver began firing, the bell rang, 
the camera-shutter opened, the flash- 
light powder exploded, and the photo- 
graph on the following page resulted. In 
another lecture a phonograph was used 
and for five minutes there was enacted the 
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invisible, but by no means silent drama 
which might follow such a catch in a 
home. The cursing of the burglar, the 
screams of hysterical women and cry- 
ing children, the excited father, and a 
'*drag-him-out-by-the-police-finale"were 
plainly heard. 

The principal parts of the apparatus, 
which we have called the eye and the 
brain, are a selenium cell and a 
sensitive relay; 
the n ervous 
energy is supplied 
by a battery of 
cells, which are 
connected in 
series with them 
as shown in the 
upperdiagram. If 
only an alarm is 
desired , an electric 
bell and battery 
may be connected 
to the local dr- 
cuit terminals of 
the sensitive 
relay. This bell 
will ring instantly 
when a light 
strikes the selenium cell, and will 
continue ringing as long as the cell is 
illuminated. It may be placed in a 
sleeping apartment at a distance from 
the room to be protected, so that the 
burg'ar will be unaware of 
the fact that his light has 
sent in an alarm. A device 
of this nature would be valu- 
able for the protection of 
vaults. 

The selenium cells may be 
purchased from scientific sup- 
ply houses at a cost of about 
five dollars each. The relay 
should be as sensitive as 
possible; a good polarized 
relay may suffice but a galvanometer 
relay is preferable. 

The batterv should consist of a 
sufficient number of dry cells (these may 
be of the small flashlight type) to nearly 
cause the closing of the relay contacts 
when the selenium cell is in the dark, and 
when the back spring of the relay is in 
sufficient tension to prevent sticking of 
the contacts after the light rays are 
obstructed. When the cdl is illumina- 




Above: The dry cells connected in series. 
Below: The plan of the connections when 
several pieces are to be set off simultaneously 




The selenium cell is 
the eye of the crea- 
ture which when 
illuminated con- 
tacts the relay 



ted the relay riiould dose promptly, 
and when the light is removed the back 
spring should pull the contacts apart 
without hesitation. In general the 
larger the number of batteries the more 
sensitive will the apparatus be, but with 
ordinary selenium cells the normal 
current should not exceed a few thou- 
sandths of an ampere. If the current 
is too large the temperature of the cell 

may rise to the 
point at which 
selenium begins 
to melt; this will 
destroy the use- 
fulness of the cell. 
From the relay, 
acting as. the 
brain, we may 
lead connections 
to whatever ap- 
paratus we desire 
to be actuated 
when the seleni- 
um cell is stimula- 
ted by light. 

When several 
pieces of appa- 
ratus are to be set 
off simultaneously, for example the 
apparatus before described, a connec- 
tion arrangement, such as that shown in 
the diagram, should be used. One 
hundred and ten volts are suggested 
since this is the voltage of 
most lighting systems, and 
because a solenoid sufficiently 
large to pull the trigger of a 
revolver will operate best on 
that voltage without addition- 
al apparatus, such as storage 
batteries. Where several 
pieces of apparatus are thus 
controlled it is necessary to 
use an auxiliary relay, due to 
the delicacy of the sensitive 
relav,which cannot break currents in ex- 
cess of a few f'*actions of an ampere. An 
ordinary pony relay of twenty ohms 
resistance is suitable for this purpose. 
If the arcing across its local circuit 
contacts is excessive a condenser con- 
nected in parallel with them will be 
found advantageous. The contacts 
should be set well apart and considerable 
tension put in the back spring to 
counteract the tendefvc:<j \3^ ^fiosd^.. 
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MARVELS OF 
MODERN WARFARE 



If Battleships Ran on Land 

By Rear Admiral Bradley A. Fiske 



Five years ago Rear Admiral Fiske read a daring paper on "Naval Pa^ver" 
before the United States Naval Institute. Besides making many predictions, 
7vhich have been fulfilled in the present war and boldly indicating the strategic 
value of sea power, he presented a dramatically interesting comparison of the 
maneuvering ability of a battleship and the mobility of a great army. By the cour- 
tesy of the Naval Institute that portion of Rear Admiral Fiske* s paper dealing with 
the energy of a battleship and its imaginary possibilities on land is here presented. 
Rear Admiral Fiske has revised the abstract and brought it up to date for this 
article. For comparison 7i*ith an army, Admiral Fiske has taken the Vaterland 
as one type of naval unit, because she is the largest ship thus far constructed. — 
F.ditor. 



ENORMOUS is the power that has 
come into the hands of the naval 
nations; but it has come so newly 
that we do not appreciate it yet. One 
reason why we do not and cannot appre- 
ciate it correctly is that no units have 
been established by which to measure it. 

To supply this deficiency, the writer 
begs leave to point out that, since the 
militar}- power of every nation has until 
recently been its army, of which the unit 
has been the soldier, whose power has 
rested whollv in his musket, the musket 
has actuallv been the unit of militarv 
power. In all histor}*, the statement of 
the number of men in each army has been 
put forward by historians as giving the 
most accurate idea of their fighting value ; 
and in modem times, nearly all of these 
men have been armed with muskets only. 

The control and direction of a moving 
ship are a \try wonderful thing; but the 
very ease with which they are performed 
makes us overlook the magnitude of the 
achievement and the perfection of the 
means employed. It may seem absurd to 
speak of one man controlling and direct- 
ing a great ship, but that is pretty nearly 
V. hat happens sometimes : for sometimes 
the man at the wheel is the only man on 
board doing anything at all; and he is 
absolutely directing the entire ship. At 
such times (doubtless they are rare and 
short) the man at the wheel on board, 
say the Vaterland, is directing unassist- 
ed by any human being, a mass of 65,000 
tons^ which is going through the water 
at a speed of 24 knots or 27 miles an 



hour, nearly as fast as the average pas- 
senger train. In fact, it would be very 
easy to arrange on board the Vaterland 
that this should actually happen; that 
everybody should take a rest for a few 
minutes, coal passers, water tenders, oil- 
ers, engineers and the people on deck. 
And while such an act might have no 
particular value, per se, and prove noth- 
ing important, yet, nevertheless, a brief 
reflection on th^* j>ossibility may be in- 
teresting, and lead us to see clearly into 
the essential nature of "directability." 
The man at the wheel on board the Vater- 
land, so long as the fires bum and the 
oil continues to lubricate the engines, has 
a power in his hands that is almost in- 
conceivable. The ship that he is hand- 
ling weighs more than the 870,000 men 
that comprise the standing army of 
Germanv. 

What Mobility Means 

Now can anybody imagine the entire 
standing army of Germany being carried 
along at 27 miles an hour and tumed 
almost instantly to the right or left by 
one man? The standing army of Ger- 
many is supposed to be the most direct- 
able organization in the world ; but could 
the Emperor of Germany move that army 
at a speed of 27 miles an hour and 
turn it as a whole (not its separate units) 
through ninety degrees in three minutes ? 

The Vaterland, being a merchant 
ship and not fully representing naval 
power, perhaps it might be better to take^ 
say the Pemisylvania. TVvfc^^vjgpX^^*^^ 
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The Making of a Submarine Mine 



By John Randolph Rexford 



A battery of minei dectrically exploded. Here ii ■ fiercely paphic illiutrmtioo of the de- 

•tnictive power ndttcb ii contained in the conpuattvely kimI] globe or cylinder of iteel whow 

•Dwins abroad in the aea ia the fint duty of the navy and coaat defenae when war brealn 



ORIGINALLY all forms of appa- 
ratus desired to explode under 
water to destroy ships Avere called tor- 
pedoes, but this term is now applied only 
to the well-known naval weapon. Sub^ 
marine mines may be divided into three 
groups : 

1. Buoyant mines having a constant 
depth of immersion. 

2. Ground mines which are used in 
shallow waters and rest on the bottom. 

3. Floating mines. 

The mines belonging to the first and 
second groups may be exploded either 
from land by an electric current or by 
automatic contact with a ship. 

Electrically controlled mines are em- 

Eloyed only for the protection of har- 
ors and channels and may be divided 
into two cla.sses : those which are entire- 
ly and those which are partially con- 
trolled from land. A mine consists gen- 
erally of two perfectly watertight metal 
casings made of suitable shape. One of 
them is hollow and is intended to act 
as a float to maintain the mine at the 
required depth below the surface, while 
the other one is filled with the charge, 
which may be guncotton, trinitrotoluene 
or any other suitable explosive, and the 
detonator for firing the charge 



In coast defense work where electric 
control is employed, mines are anchored 
permanently m suitable positions, where 
hostile vessels are likely to pass over 
them, and are connected by means of 
electric cables to the shore. Where 
mines are entirely controlled from shore, 
an observer on land can fire any mine 
or groups of mines by closing the elec- 
tric circuit the moment his optical in- 
struments inform him that the enemy's 
ship is over a mine. 

Firing an Electrical Mine 
Mines which are partially controlled 
from land are anchored only a few feet 
below the surfjce of the water. When 
a ship strikes such a mine an electric 
contact is made which sends a signal to 
the shore station. The observer can 
then decide whether to fire the mine or 
not. An advantage of electrically con- 
trolled mines is that neutral ships can be 
allowed to pass over such mine fields in 
perfect safety. The use of such mines 
has, however, been considerably reduced, 
chiefly because salt water is one of the 
greatest enemies of electrical apparatus 
and makes it very difRcuIt to maintain 
the electrical connections with the mine, 
and also because the permanent locxtaac.. 



of such mines could he (h'scovercci hy 
spies. ^ 

The mines which have been chiefly 
used in the present war are automatic 
and mechanical, and are fired when the 
shij) strikes af^ainst them. 

It is by no means easy to desipjn a 
s:it is factory mine which shall have its 
fiHng gear carefully adjusted so as to 
insure explosion of the charge from the 
slightest shock produced by contact with 
the passing ship. At the same time pro- 
vision must be made to prevent the pre- 
mature firing of the mine either on land, 
on the mine laying ship, or when being 
launched into the | 2 

mine field. Again, 
it is important that 
should one or two 
mines be ex]>loded, 
the adjacent ones 
Ik not fired acci- 
dentally — a dilVicult 
]) r o I) 1 e m, as the 
concussion of the 
water produced by 
the ex])losion tends 
to d i St u rb other 
mines. Another 
essential condition 
is that the depth of 
immersion u n d e r 
the .surface should 
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Positions assumed by a mine and its auto- 
matic anchor in water from the moment 
of dropping the mine overboard to the. 
Ibial moment of mooring 



l)C constant so far as the rise or fall of 
tides allows. 

A mine consists of three parts: (1) 
the chamber containing the firing mech- 
anism, the detonator and explosive 
charge: (2) the flotation chamber to 
give buoyancy to the mine, and (3) a 
detachable anchoring chamlwr provided 
with a winch having a paying out cable. 

A mine is maintained at the desired 
depth in the water by means of an an- 
chor in which the cable, one end of 
which is connected to the mine, is un- 
wound from a drum suitably braked and 
mounted in the anchor casing. The ro- 
tation of the drum is controlled by a 
plumb weight attached to a short sound- 
ing line. When the plumb weight reach- 
es the bottom of the sea the rotation of 
the drum is stopped and the mine is 
pulled down to the required depth. It 
IS only necessary to determine at what 
depth below the surface it is desired to 



anchor the mine and to throw into the 
water the complete apparatus, namely 
the mine and anchor, whereupon the 
whole apparatus will take up its proper 
position, the depth of submersion bcmg 
determined by the length of the sound- 
ing line. 

The diagram on this page illustrates 
the working of the automatic anchor: 

Position I. After having been dropped 
overboard the mine is at the surface of 
the sea with its attached anchor imme- 
diately below the mine with the plumb 
weight hanging about nine feet below 
the anchor. 

3 4 Position 2. The 

barrel is unwind- 
ing its cable and 
the anchor is dc- 
s c e n d i n g to the 
Ixntom of the sea 
owing to the force 
exerted by the 
plumb weight in 
keeping down a 
lever, so that the 
drum is free to ro- 
tate. 

Position 3. The 
plumb wei|f ht 
reaches the Ixntom 
of the sea and the 
pull exerted on the 
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lever cea.ses. This lever is now rclcasicd 
and locks the dnun, so that it cannot \m 
out any more. 

Position 4. As no more cable can be 
paid out the anchor has sunk to the bot- 
tom of the sea and drawn the mine wiA 
it. It will be seen from the diagram that 
the depth of inunersion depends on the 
length of the sounding line. 

A safety device is generally introduced 
which is operated by the pressure of the 
water. The firing gear is locked by a 
spring which, however, is counteracted 
by the pressure of water. When the 
mine is submerged the firing gear is op- 
erative, but as soon as it comes to the 
surf.ice the water pressure is gone and 
the mine cannot be fired. The percus- 
sion device employed is of the usual type 
for exploding charges of guncotton and 
does not differ from those ordinarily 
used. 

Tlie detonator is sharply struck by 
a ball or a lever when the mine is hit 
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a man. War is a costly undertaking. 

It was once even less efticient and 
more costly. In the Civil War, the num- 
ber of Northern soldiers who died was 
360,222, while the South lost, at the low- 
est estimate, 250.000. That war cost the 
North $6,189,929,908. while the South's 
bill was at least $3,000,000,000. h 
therefore cost approximately $15,059.97 
to slaughter a man. Killing is done in a 
more wholesale fashion nowadavs. 

Fortunately, the warring nations are 
not obliged to gather together the forty 
billions and transport it at one time to 
the front. If they did. it would require 
fifteen trains of seveniv cars each, and 
one of fifty-seven, each car being of the 
fifty-ton pattern used in hauling coal 
from the Pennsylvania mines to tide- 
water at New York harbor. This would 
interfere with the movement of food sup- 
plies, guns and other munitions of war 
for the time being. The weight of the 
gold would be 55,440 tons. 

Even if it were desired to do this, 
there is not enough visible gold in the 
world to permit it. According to the 
figures of the director of the mint, the 
world's production of the precious metal 
between the years 1850 and 1913 inclus- 
ive, was $12,072,058,618, or less than 
one-third the estimated cost of the war. 
This, added to the $225,000,000 assumed 
to be in tlie hands of the potentates and 
otlier wealthy Europeans prior to the 
discovery of America, and the $3,383,- 
224,000 figured to have been brought to 
view between the time Columbus first 
saw the Western Continent, and the dis- 
covery of gold in California, still leaves 
a deficit of nearly twenty-five billions 
to be made up otherwise. 

But let us suppose there were forty bil- 
lions of gold in the hands of mankind, 
and that through sor.ie gigantic financial 
operation it had reached America and 
been coined into double eagles. There 
would be. if the gold were alloyed with 
other metal to the usual degree of fine- 
ness. 2.222,222,220 of them, enough to 
cover the site of the Woolworth Build- 
ing to a depth of seven feet eight inches. 
or form a pillar the height of the build- 
ing, seven hundred and fifty feet, and 
twenty-two feet square. If placed on 
•dge a!id face to face, they would fonn 

roll 3,653A2 miles long. This roll 



would extend from New York to a 
point in the Pacific Ocean about six hun- 
dred miles west of San Francisco. Or. 
taking their diameter as one and five-six- 
teenths inches, they would pave a 
boulevard three hundred and tifty-onc 
feet wide extending from one enci tn 
the island of Manhattan to the other 
a distance of thirteen miles. Wha; 
a shining road that would be I The 
Irishman who expected to pick up dol- 
lars in the streets as soon as he landed, 
would literallv be able to do it. assum- 
ing that the gold pieces were no Inrtier 
secured than is the surface of some of 
New York's thoroughfares. That great 
highway, broader than Broadway, would 
be the nearest approach to the streets of 
the New Jerusalem descril>ed bv fohn. 
that the world coidd ever expect to see. 
And if all these gold pieces were laid flat 
in a single row. edge to edge, they would 
extend 43.841.12 miles around the waist- 
coat of the globe. 

This would, indeed, be a **demonstra- 
tion of power and wealth*' that would 
make the display of jewels, relics and 
gold plate of the Teutonic ruling families 
look like a penny peep show. 

A Mystifying Chemical Trick 

AP L A I N blue handkerchief is 
shown to the audience. When the 
handkerchief is warmed it turns white 
and when heated resumes its former 
color. 

Make a starch paste and add enough 
water to the paste to thin it. Then add 
sufhcient tincture of iodine to color the 
liquid blue ; a few drops will be enough. 
Dye a white handkerchief with this bhie 
liquid and when the handkerchief is dry 
it is readv for the trick. 

Raising a Motorcycle Stand 
Automatically 

AMOTORCYCIJST may save the 
time and trouble of raisinfi^ the 
stand when the machine is pushed off. 
by fastening one end of a door-spring 
to the stand near the 1x)ttom. and the 
other end to a convenient place on the 
luggage carrier. While the machine is 
on the stand, the spring is stretched, but 
the removal of the weigiit release* it, 
and the stand is pulled luurk into place. 
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Last year Conjjress niaiK* an appro- 
])riation (*ailin>( for 25-knol sulnnariiKs. 
to cosi n«jt more than Si,5i)o,iXH) earh. 
I saw this reiK)rlecl in ilie newspapers 
and I immediately wired the Depart- 
ment that it was impo>sil)le to secure 25- 
knot boats for less ihan about two-and- 
a-quarter million dollars each, and I 
later advised that it would then probably 
take several years to develop a suitable 
engine. The larjjest submarine engine 
of which I know is one of 1300 horse- 
power. complete<l in Italy for one of the 
large r.crman boats just at the beginning 
of the war. 

As it would probably require alxiut 
lo.(xx) horsepower to attain twenty-five 
knots, Congress hardly realized how 
stujKndous was the problem of prfKluc- 
ing at a single step a boat capable of 
traveling nearly twice as fast as the 
l>e>t underwater vessc4 of the da v. No 
wonder there were no bidders for a 
25-knot boat. 

While it was impo>sible. even with 
imlimited money, in the present omdi- 
tion of internal combustion engineering, 
to develop a 25-knot submarine l>oat 
quickly, it i^ i>ossible to get cpnckly a 
large number of 5()-knot sulmiarine lx)ats 
of small >ize. which for the same expendi- 
ture would prove many times more 
effective in warding off an attack than 
the larger boats. 1 refer to what I call 
**am|)hibious >ul)marines:" that is, sub- 
marines of about two lumdred tons dis- 
placement, which could be hauled on 
sjxcial railway trucks from one point of 
the country to another at a speed of 
fiftN knots |X'r hour, with crews, stores, 
e(|uipmeni, all on board. The railway 
track> would be ccmiinued down under 
the water as a submarine railway at 
such points as the (iovernmeni might 
de>ire. It would be necessary only to 
back the truck and submarine down 
into the water until the submarine 
floated. Her commander would only 
need to give the bell and she would be 
off. Such l>oats could probably be 
built for three hundred thousand dollars 
each to make ten knots on the surface 
and about eight submerged. It would 
be possible to get six or eight such boiits 
for the cost of one twenty-five-knot be 

id cover six to eight times as r 
itory. A torpedo fireil from a ? 



inexpensive lx>at is just as effective as one. 
fired from a large, expensive IhmX. Th^ 
small IxKits couki make the trip from 
New York to San Francisco in four clav>, 
New York to Boston in five hours. New 
York to New Orleans in thirty-six hour>, 
in pc»rfc*ct safety, while a modem large 
submarine, under war conditions, could 
probably not make the trip at all. except 
as a slow-going surface lx>at, liable to 
capture or destruction. One hundred of 
these amphibious submarines could Ix* 
cpiickly turned out by the various ship- 
yards throughout the country, and it 
would also Ixj possible to get engim^s 
c|in*ckly for them: the jx^wer rec|uire<I 
|XTmit> of using sizes of engines that 
have already been developcnl by several 
concerns. Such a svstem of ccKist 
protection would enable the (|iiick mobil- 
ization of a large nuiiilxT of submarine's 
at any threatened KK\dity, for harlx>r or 
coast defen.sc purposes. <K course it 
would be advisable to have a large 
number of submarines for off-sh<HX* wuiic 
or to patrol the coast where distancx^s 
lx»iween ports or harlxirs woukl Ik? too 
great for the smaller craft. 

Many disadvantages accomixuiy the 
u.'^* of the storage battery. It is very 
heavy for the horsepower energy it 
carrie>. It is also bulky, .so that only 
suflicient energy may lx» carrie<l to 
projX'l mcKlern submarines at alxnil 
rieven knots pcT hour for one hour, 
alK)ut eight knots |xt hour for thnx* 
hours, or at alKHit five knots |xt hour 
for twenty hours. This means that when 
the energy is exhausted the submarine 
must ascend to the surface or secure 
surface connection in order to obtain 
air to enable her engine to Ix* run to 
recharge her batteries. This is likely to 
prove her undoing, as the noise of lu*r 
internal cumbustion engines in charging, 
can, with a profXT receiver, Ix' heard 
many miles, and would direct an enemy 
surface boat or submarine to her. There- 
fore. Ix'fore the submarine can Ixxxmie 
inxidnerable, she must become capiiblc 
of operating without sound. If it were 
possible to prcxluce some sort of primary 
l)attery whereby energy-prodiicmg ma- 
terial could be put into the iKittcry like 
^'^l into a furnace, it woukl be ideal for 
■uk' io-boat use* and the 

ti become invincible. 



^Undersea Fighting of the Future 

II.— Battling with Telephones 

By Edward F. Chandler 

The atUhor of this article has (onducted extensive researches in the art of 
submarine radio transmission, applying the results to defensive and offensive 
means of -aarfare. The syslem of submarine navigation described in this article 
is the result of conclusive tests. — Editor. 



IF the war has taught us anything ii 
has taught us that the submarine 
must be reckoned with lx>th as an 
annihilator of battleships and as a de- 
stroyer of commerce. Of the dozens of 
instrumentalities 
invented for killing on 
a wholesale scale it is 
the most terrible. And 
yet how crude is this 
new weapon! Com- 
pared with what it can 
be made it is what the 
blunderbuss of old is 
to the modern rifle. 

Consider for a mo- 
ment how a submarine 
boat \~ handled. The 
commander plows 
along at the ^^urface 
much as he would on 
any ship. In the o(!ing 
he sees a pillar of 
smoke. Friend or foe? 
He must investigate. 
Changing his course, 
he steers for that 
cloud on the horizon. In fifteen minutes 
he has approached near enough to dis- 
cover that the smoke is pouring from the 
funnels of a hostile collier. She flies the 
naval ensign of her countr>. ;.nd she is 
convoyed by a torpedo-boat destroyer. 
The submarinecommandergi\esan order. 
Water surges into tanks in the subma- 
rine's hold. The craft sinks until only 
her periscope projects from the water. 
Heading for the collier the submarine 
arrives within half a mile of its pre>-. 
The commander takes the bearings of 
the collier by compass and orders com- 
plete submergence. In another minute 
the craft is completely URder the surface. 
A sharp command, and a puflf of com- 
pressed air starts a torpedo from onA 
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important work thus fsr prot>ably 
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rine ranie-finding system and its 
application to the detection and 
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of the launching- tubes. In less than 
a minute it has reached the collier. There 
is a dull explosion. Fifteen minutes later 
a cargo of four thousand tons of coal lies 
at the bottom of the >ea. and a hundred 
bra\e men ha\e per- 
ished miserabh'. 

Why the Submarine 

Is Crude 
!t seems very simple, 
very certain, this tor- 
pedoing of a ship from 
a safe place under the 
water. But for all that 
it is unscientihc and 
haphazard. The sub- 
ma rinecommandei sees 
nothing below the sur- 
face : that is why he 
must take aim before he 
submerges. To strike, 
the target must be large 
and very near : other- 
wise he would surely 
miss. Suppose that you 
w e re told to shoot 
blindfolded at a mark one hundred yards 
awa\- and that you were gi\ea two 
minutes to locate the target before your 
c\cs were co\ cred . \'oii would be exactly 
in the position of a submarine com- 
mander about to torpedo a hostile 
ship. Is ii any wonder that torjK-does 
must be fired at close range? Is it not 
obvious that the submarine could be 
made still more terrible if the submarine 
commander could locate his quarry 
accurately in the inky blackness in 
which he is immersed? 

To use lights under water is hopeless. 
E\-en millions of candlepower would not 
nveal the presence of a ship a mile olt 
to a submerged underwater craft. But 
suppose that the commaader of a sub- 



Although the submarine is blind after it dives it can be made to hear with the aid oT micro- 
phones. If two hostile submarines were equipped so that they could hear each other there 
is no reason why they should not fight under water. Torpedoes would be the weapons 
i;sed — torpedoes directed solely by the sound emanating from the craft to be destroyed 



marine could locate his prey by sound ; 
.sui»pose that he could hear a ship and 
locate her by sound more accurately, for 
example, than a blind man can locale the 
]x>sition of a ticking clock in a room? 
Might not that solve the problem? 

With this thought in mind, 1 have 
worketl out a mctho<l of utilizing micro- 
phones. A microphone is found in 
every telephone transmitter. It is an 
instrument for intensifying feeble sounds, 
or for transmitting sounds, and it is 
based on the jtrinciplc that the transi- 
tion iK'tween loosely joined ek-ctric con- 
ductors decreases in projHirtion as they 
are pressed together. The conductors 
form iwrt of a circuit through which a 
current is jiassing, and the variations in 
pressure due to sound waves in the 
vicinity of the conductors produce 
-■ariatJons of resistance, and hence 



fluctuations of the current, so that the 
sounds are reproduced in a telephone 
receiver. In the modem telephone the 
transmitter is essentially a microphone, 
the pressure of the sound waves being 
communicated to the conductors by 
means of a diaphragm. 

In a tor|>cdo the microphones would 
be mounted in pairs on both sides 
of the nose. So long as the sttund 
of the hostile ship's beating propellers, 
traveling through water far more 
readily than sounds travel through air, 
affect all microphones with equal in- 
tensity, the torpedo rushes on straight 
to its mark. Rut if the vessel should 
change its course, the vibrations of 
the propellers would no longer strike 
the two pairs of micro))hones with equal 
force ; one pair would be more affected 
than the other — the pair directly ex- 
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primarily depended upon to guide the 
submarine on its deadly errand, tele- 
phones are connected with the micro- 
phones, to be used when the occasion 
arises. With their aid the commander 
learns a new languagfe. He realizes the 
meaning of strange grind ings, hums, 
moans, blows, mur- 
murs and vibrations 
— the many tongues 
of the sea. H we but 
knew it the water of 
the ocean is a veri- 
table Babe); it is a 
great reservoir of 
sound, the recipient 
of ten thousand differ- 
ent vibrations, rang- 
ing from the grinding 
of pebbles to the 
pounding of steam- 
shipengtnes. Justasa 
woodsman learns the 
meaning of the weird 
soughing of wind in 
tree tops, the "woof" 
of a bear, the patter 
of deer's feet and the 
rail of quail, so a 
submarine comman- 
der can distinguish 
one underwater sound 
from another and in- 
terpret it correctly. 
A tramp steamer can 
be microphonically 
distinguished from a 
Mo/tirclatiia, a tor- 
pedo-boat from a 
superdrcadnouyhl, 
and above all a sub- 
surface craft from a 
surface craft. Thus 
the character of an 
unseen ship miles away 
tained. 

But apart from listening lo passing 
ships, tlie telephones will be required to 
receive messages from an admiral on a 
battleship five miles away. Both war- 
ships and merchantmen are equipped 
with submarine signaling devices — 
devices which send forth either bell 
sounds or rhythmic vibrations. It is 
easy to see how useful they can be made 
to telegraph orders to a submarine under 
water five miles or more away. 




A diasram showing the Chandler sys- 
tem of converting sounds heard through 
a microphone into visible signal* 



Under Water Echoes end Hem Thej 
Are Applied 
In the foregoing account of my inven- 
tion 1 have assumed that the vessd to 
be attacked with the aid of the micro- 
phonic steering-indicator is in motion— 
that its engines are giving audible 

sounds and that its 

propellers are churn- 
ing up water noisily. 
But suppose the ves«e) 
to be attacked is at 
anchor — what then? 
Is not the submarine 
commander helpless? 
The tlifficulty is 
easily overcome if we 
can make the sub- 
marine produce a 
characteristic sound 
and if we can have 
that sound echoed 
back from the ship to 
be sunk and picked 
up by the submarine's 
own microphones. 
Fortunately Profe?:.sor 
Fesscndon has pro- 
vided an instrument 
ideally suited fur the 
purpose. Called un 
oscillator, it may he 
regarded as a kind of 
underwater klaxun 
nom. the diaphragm 
of which is electrically 
vibrated to emit a 
characteristic bleat. 
By means of a switch, 
located near the han<l 
of the submarine com- 
mander, the oscillator 
can be turned on or 



be ; 



off. 



The oscillator will be of use not only to 
locate a ship at rest but to save the 
submarine in a nerve-racking emergency. 
Imagine the commander of a U-boat 
bent on the destruction of a ship enter- 
ing a harbor and traveling along at the 
surface with only his periscope exposed. 
A fast armed motorboat looms up — a 
type of craft which has pro\-ed to be 
a most formidable enemy. The sub- 
marine must act quickly. There is but 
one course — to sink quickly. VaK'es are 
opened and tanks filled. The craft 



reached. Thus, in all matters of dis- 
cipline aboard ship. 

Thus, in matters of discipline aboard 
ship, in the training of crews and squad- 
rons, in maneuvers and strategy, in ar- 
mament and equipment, the idea of mili- 
tary efficiency has been splendidly car- 
ried out, and in these matters I hold our 
Navy ranks second to none. 

Have Our Officers Lost Pers{*ectiveF 

When it comes, however, to the utili- 
zation of our yards so that they will be 
of the greatest aid to the Navy as a 
military weaixjn, to the subordination of 
all our so-called civilian activities in the 
Department to the great military plan, 
and to the recruiting of men who will 
prove the most efficient militar}- units, 
worthy of promotion, when fit, even to 
flag rank, many of our high navy officers 
have loiU their perspective. This is all 
the more curious because the German 
military organization is continually held 
up by these naval officers as the ideal to 
be achieved, and if there is any one fea- 
ture where the German differs from 
other organizations it is in the thorough- 
ness with which the beginnings of things 
and things ordinarily tliought of as par- 
ticularly civil are bent and subordinated 
from the start to their place in the final 
military organization. 

The need of perfectly trained crews 
so high in character and intelligence 
that they can grasp the most in- 
tricate matters of machinery and drill, 
that thcv can save tenths of seconds in 
the firing of a gim or keep in constant 
repair the most delicate electrical ma- 
chinery, is recognized by navy officers as 
highly important, but there were many, 
until very recently, who considered that 
no special effort was required to attract 
to the ser\'ice the class of men from 
whom these results can be obtained. Pos- 
sibly this was because, in Germany, for 
instance, military ser\'ice is compulsory, 
and the men with the brains and intelli- 
gence needed are compelled to enter 
some military arm of the ser\'ice in any 
event, whereas in this country, depend- 
ing as we do upon voluntar}' enlistments, 
high class men cannot be secured unless 
there are real inducements far more at- 



tractive tlian pretty pictures on recruit- 
ing billboards. 

It was to remedy this failure to begin 
at the bottom in one of the most impor- 
tant military matters which led me to in- 
augurate new ways to attract the right 
class of men to the service and to keep 
them in the service when once so attract- 
ed by making the term of enlistment a 
great opportunity to obtain, at Govern- 
ment expense, an education, particularly 
along technical lines, which would enable 
the man, upon his discharge, to obtain 
a higher wage. 

Opportunities for such improvement 
existed before I became Secretary, 
and, while they have been considerably 
enlarged since then, the only sweej>fng 
change has been to give to those enlisted 
men who lacked it the rudimentary 
school education jieeded before they 
could comprehend the mechanical and 
electrical trades. 

What I have 4one, however, is to 
bring prominently before the country on 
every occasion the fact that such oppor- 
tunities existed, and I believe there is 
hardly a young man anxious to improve 
himself who docs not know that in the 
Xavy he can find his opportimity. 

Our Recruits the Cream of Youth 

The result of this cam|)aign has been 
gratifying in the extreme, and the Navy 
is now recruited to its full strength from 
so many applicants that we are able to 
pick the very cream, our latest figures 
showing that only seventeen per cent of 
those who apply are now accepted. In 
addition, while the value of a man who 
has already had the training of one en- 
listment term in the Xavy is recognized 
as being far greater than that of a lands- 
man just taken on board, and while the 
military importance of having men of 
long experience on every ship has been 
acknowledged, the equal importance of 
making the service attractive to the en- 
listed men in order to keep them in the 
sen-ice has not been sufficiently consid- 
ered until recently. Without abating one 
jot of the rigid militar}' discipline, with- 
out pampering or favoring the enlisted 
man at the risk of destroying his efficien- 
cy as a cog in a great machine, the num- 
ber of re-enlistments has increased, as 
the result, from fifty-four ^r cets*. v^ 
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bells, occasionally re|)airing a small mo- 
tor, putting in electric light fixtures — 
these are practically the limits of his 
cxi)erience. On every battleship, how- 
ever, are to be found the most (lelicate 
and complicated of electrical apparatus, 
huge dynamos of enonuous horsepower, 
delicate signaling and recording instru- 
ments ; every kind of electrical appara- 
tus is there. How to make and how to 
repair this apparatus is a part of his mil- , 
itary education, progressing from the 
simi)lcr work to that requiring the great- 
est skill, and with this training will go a 
thorough education in the fundamental 
principles of electricity as well. 

Every Recruit is Trained to Become 
a Skilled Artisan 

When he leaves the service he will be 
too proficient as an electrical expert to 
l)e in any danger of being comi)elled to 
spend the rest of his days as he l^egan 
— putting up bell wires or installing elec- 
tric lights in a small town. He will be 
a welcome addition to any of the great 
electrical and manufacturing establish- 
ments, with good wages, and i)erhap»^ a 
place at the very top. 

This is true of all the other vocations, 
and fifty of them are taught in the Navy. 
There has just been established, for in- 
stance, a new class at Charleston for in- 
stniction in gasoline engines, where the 
enlisted men will l)e taught not only the 
theory but the practical lumdling of the 
largest gasoline engines now in use. Ma- 
chinery of all kinds is used in these 
schools for enlisted men. and. in addi- 
tion, what is known as the yeoman 
branch affords an opportunity for those 
who desire to become expert stenogra- 
phers, typewriters and accountants. 
Here is a partial list of the schools for 
enlisted men at present maintained by 
the Navy. It is interesting as showing 
the vf'iAt range of subjects covered. 

1. Navy aviation .school. 

Ponsacola. Fla. 

2. Electrical schools. 

Navy Yard, New York: 
Navy Yard. Marc Island. 

3. Artificers' school 

Navy Yard, Norfolk. 
4 Oil burning school. 

Navy Yard. Philadelphia. 
5. Machinist's mates' school and school for 

ins engines. 

Charkston, S. C 



6. Seaman gunner school and school for 

diving. 

Naval Torpedo Station. Newport. 

R. I. 

7. Yeoman schools. 

Newport, R. I.. 
San Francisco, Cat. 

8. Musicians' school. 

San Francisco, Cal. 
Norfolk, Va. 

9. Hospital training schools, 

Newport. R. I.. 
San Francisco, Cal. 

10. Commissary school (for ship's cooks, 

hakfrs and commissary stewards), 
San Francisco, Cal., 
Newport, R. I. 

11. Mess attendants' school. 

Norfolk, Va. 

12. Naval Training Stations for apprentice 

seamen, 

Newport. R. I. ^ 

Norfolk. Va. 

Great Lakes. 111. 

San Francisco, Cal. 

How thorough the instruction is. can 
best be shown by the course of instruc- 
tion in the Navy Electrical School at 
the New York Navy Yard, which follows. 

During the first week of instruction, 
the recruit studies machine shop work, 
such as forging, welding. tenii>ering, an- 
nealing, brazing and soldering, anri 
thread cutting. 

In the second week, his machine shop 
instruction continues, the novice becom- 
ing familiar with the hand operated 
tools such as the lathe and lathe tools, 
the shai>er and shaper tools, the drill 
press, the milling machine and mill-cut- 
ters, and the emery wheel. He also 
learns the rudiments of machine shop 
work, such as bench, lathe, drill press, 
milling machine and emery wheel work. 

For the third week, he studies recii>- 
rocating steam engines, the various 
courses being in simple and compound 
reciprocating engines, also in the auxil- 
iaries, viz., separators, traps, pressure . 
regulators, all kinds of valves, condens- 
ers, pumps, gages, revolution counters, 
tachometers and indicators. Practical 
operation of engines and practical work 
also occupy much of his time. He learns 
assembling and dissembling engines, 
lining up engiiies, resetting and adjust- 
ing valves, reading indicators, overhaul- 
ing and repairing engine and pumps and 
the rq^nding of valves. 

The subject of steam turbines is 
taught dunng the fourth week. The 
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equipments, rammers and turret tumine 
equipments are made the subject of 
study. 

The thirteenth, fourteenth and fif- 
teenth weeks are devoted to the study 
of the theor}' and practice of lighting 
and interior communication. The sub- 
jects listed are instruments, circuits and 
fuses, incandescent and arc lights, tele- 
phones, wires and wiring, wiring appli- 
ances and fixtures, search lights, signal- 
ing apparatus, interior communication 
cables, switchboards, telephone circuits, 
telephones and fire controls. 

During the sixteenth and seventeenth 
weeks the theory and practice of pri- 
mary and secondary batteries are studied. 

The last two weeks, the eighteenth 
and nineteenth, are spent in a general 
review of the entire course, and any 
points that have been missed by the pu- 
pils are made clear in their minds. 

Radio Telegraphy 

For the first six weeks of the course 
in radio or wireless, telegraphy, the 
study closely parallels the study of mag- 
netism and electricity, dynamos and mo- 
tors, alternating currents, batteries, and 
internal combustions which is pursued in 
the course just outlined. 

I'rom the seventh to the nineteenth 
weeks, the pupil is constantly practicing 
at the instrument, becoming efficient at 
sending and receiving. He also devotes 
one week each to the following subjects : 
Condensers, inductances, oscillating cur- 
rents, primary circuits (transmitting), 
secondary circuits and- closed oscillating 
circuits, radiating circuits, transmitting 
sets, receiving apparatus, receiving cir- 
cuits, Fessenden sets, wireless specialty 
companies' sets, and Telefunken sets. 
The nineteenth week is spent in review, 
as in the other course. 

Immediate entrance to these schools 
IS, of course, obtained only by those who 
already have some knowledge of the 
trade, but everv enlisted man who wants 
to take up a trade of which he may be 
utterly ignorant at the time of his en- 
listment has only himself to blame if 
he does not eventually acquire a chance 
to obtain this special shore instruction. 
He has only to state to his superiors on 
the ship what line he would like to fol- 
low and provided there are not too 



many already having the same desire at 
the time on the ship, he will be assigned 
duties on shiplx)ard which will give hhn 
a certain familiarity with the subject. 
After a year's service, he can make zp- 
plication for a special course of training 
at the school, and, if he has shown suffi- 
cient intelligence and progress in his 
work on board ship, he is certain to 
have his reciuest granted. 

With such inducements and with a 
daily school on shipboard where the sul>- 
jects to be found in every public school 
on shore are taught him as well, it is 
not surprising that, instead of a lack of 
men of the type desired, the Navy now 
finds it a difficult matter to choose from 
the host of applicants those best suited 
for the service. Judges no longer sen- 
tence ne'er-do-wells to the Navy as a 
punishment, nor are such men received, 
and desertions in the last three years 
have decreased thirty-two per cent. 

In this way has the doctrine of sub- 
ordination of ever}'thing to military ef- 
ficiency been carried to the very begin- 
ning, and we are certain of efficient 
crews on board our ships because we 
have efficient recruits to beg^n with. 

Iron Industry Gains in Germany. 

DESPITE the smothering effects that 
the war has upon industry of all 
kinds, the production and manufacture of 
iron implements increased considerabljr in 
Germany since the opening of hostilities. 
During the last year of peace, 1913, the 
German iron industry mined approxi- 
mately 35,941,000 tons of domestic iron 
ore, from which, after exporting 2,613,- 
000 tons and importing 14,019,W0 tons, 
a total of 19,300,000 tons of crude iron 
was smelted. During the month of Au- 
gust, 1914, when the war started, the 
output of iron products sank to 18,310 
tons daily. During 1915 this daily aver- 
age has increased to 33,000 tons. A 
large percentage of the iron being pro- 
duced in Germany is finding its way mto 
war implements of various sorts. 

THE commission form of govern- 
ment is in effect in eighty-one of 
the two hundred and four cities in this 
country of over thirty thousand inhabit- 
ants. 
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A modern torpedo is nineteen feet long 
and twenty-one inches in diameter, and 
it weighs over a ton. Obviously it can- 
not be carried on the deck of a small 
motor boat, or in an overboard tube. 
Accordingly I have devised a method of 
attaching torpedoes to the hull itself, one 
along each side of the keel. Thus sup- 
ported the torpedot-s neither add nor 
subtract from the weight of the vessel; 
for the torpedoes have neither positive 
nor negative buoyancy. There may be 
a slight reduction in speed: but that 
disadvantage is far outweighed by the 
(omtidable character of the weapon 
carried. No launching machinery is 
required; the mere starting of the 
torpedo-propel in g machinery is enough 
for launching. The torjjedo is so sus- 
pended thai it can be dropp>ed off, what- 
ever may be the speed of the vessel. 
Still more important, ihe torpedoes are 
launched with the motor boat bow un, 
thus factlitaling fire-control. The motor 
boat nee<l only be (wiiited at its target; 
a torpedo launched from a deck-tulie, 
athwartship, as on a torpedo-boat de- 
stroyer, may miss its mark Iwcause of a 
heavy roll. To be sure a motor boat will 
pitch; but pitching is never so marked 
as rolling and is more easily allowed for. 

But is it not dangerous to cany 
torpedoes in this way? May not the 
motor boat be blown up by its own 
weapons? Rare experience convinces 
me that so long as the pistols in the war- 
heads of the torpedoes are locked (and 
^Sey will l>e- unlocked only when the 



torpedo is to be fired) there is no dangci'. 
A warhead, even though it is filled with 
five hundred pounds of guncotton can 
withstand a severe shock. 

At intervals of about one hundred 
miles along our coast stations would be 
maintained for ten or fifteen motor boats. 

Haw Ihe Motor Torpedo Boats W&uJd 
Defend Us 

Imagine, now, an attempt to invade 
the United States. Two hundred miles 
at sea our fleet is engaging the enemy's 
battleships in an effort to stop him from 
reaching our shores. The outcome of 
the battle is at least doubtful. Mean- 
while his transports steam on. A motor 
scout sees them. At once the wireless 
telegraphic key of a radio operator 
flashes to the nearest boat station the 
number of the transports and tbdr 
bearing. The news is wired from station 
to station, A veritable swarm of motor 
torpedo boats sets out. Their cmn- 
mander employs regulation torpedo- 
boat tactics; a dozen boats are sent 
against a single vessel; one at least will 
strike a telling blow. The boats lie low; 
they are difficult to hit. The enemy's 
transports, on the other hand, are large 
and very distinct. Moreover, the range 
is a mile and a half. The pistols in the 
war heads are set. A half dozen tor- 
pedoes are launched at once gainst the 
broadside of the transport. There is 
the thunder of an explosion ; a troopship 
dives head foremost into the waves; 
three regiments perish. 



